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Description 



TECHNICAL FIELD 



The present invention relates to a signal transmit- s 
ting apparatus, a signal receiving apparatus, and a 
method for the same used for transmitting data of a dig- 
ital format via a transmission channel such as a wireless 
line. 

w 

BACKGROUND ART 

Where data of a digital format is transmitted via a 
communication channel (transmission channel) in 
which data error (transmission error) is liable to occur, in 75 
general, a method of transmitting the data after perform- 
ing a predetermined encoding on the data to be trans- 
mitted. 

For example, where data is transmitted via a wire- 
less channel, particularly, where data is transmitted via so 
a satellite communication channel, the strength of the 
received signal (signal level) at the reception side 
becomes very low, so data error is liable to occur. Fur- 
ther, even in a case where data is transmitted via a com- 
munication channel using a ground wave (ground wave 25 
communication channel), the reception level becomes 
low at the region at the end of the service range, so data 
error becomes liable to occur. 

Accordingly,, where the data to be transmitted is 
encoded with a high compression rate by the high-effi- 30 
cient coding method, it is necessary to take strict coun- 
termeasures against data error at the step of decoding 
on the reception side. 

For example, in the decoding on the reception side, 
there is a case where data other than the data in which 35 
the data error occurs is affected (data error is propa- 
gated). In such a case, it is particularly necessary to 
take strict countermeasures against data error. 

Due to the above situation, when transmitting data 
via a satellite communication channel, since the carrier- 40 
to-noise ratio (C/N ratio) of the reception signal 
becomes small, in general, after the data of the digital 
format to be transmitted is encoded using a block code 
such as a Reed-Solomon code, it is further encoded for 
correction of transmission line error by convolutional 45 
coding to generate a transmission line code. 

The method has been adopted of transmitting the 
transmission line code subjected to countermeasures 
against data error in this way via the communication line 
after modulation by QPSK modulation method etc. so 

On the other hand, in a ground wave communica- 
tion line in which a C/N ratio of the reception signal bet- 
ter than that of a satellite communication line is 
obtained, to raise the transmission eff iciency, data is fre- 
quently transmitted by modulating the transmission 55 
code by a multi-value modulation method such as a 16- 
QAM or 32-QAM method. 

Further, recently, as a transmission line coding sys- 
tem combining error correction technology and modula- 
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tion technology, code mojj^i systems are now 
being used. Among the code modulation systems, one 
using a Trellis code as the error correction code is 
referred to as the Trellis code modulation (TCM) sys- 
tem. 



In general, a method using an error correction code 
for the transmission of data has the characteristic that 
when the encoding rate is made small, that is, when the 
ratio between the amount of information to be transmit- 
ted and the amount of information actually transmitted 
on the communication line is made small, the error cor- 
rection capability becomes high, but the transmission 
efficiency (throughput) of the digital information to be 
transmitted is lowered, and conversely when the encod- 
ing rate is made large, the throughput becomes large, 
but the error correction capability becomes low. 

On the other hand, transmission of data via a satel- 
lite communication line has the characteristic that the 
level of reception fluctuates greatly according to the 
gain of the reception antenna or the weather conditions. 

' Further, transmission of data via a ground wave 
communication line has the characteristic that the level 
of reception fluctuates according to the positional rela- 
tionship between the transmission side and the recep- 
tion side. That is, where the reception side is at an area 
near the transmission side, the level of reception 
becomes high, but when the reception side is at an area 
distant from the transmission side, the level of reception 
becomes low. 

When transmitting data via these wireless commu- 
nication channels, when the level of reception is low, the 
C/N ratio becomes small and data error becomes liable 
to occur. When the C/N ratio becomes further smaller 
and data error exceeding the error correction capability 
possessed by the transmission code is caused, the data 
error can no longer be cprrected. That is, when subject- 
ing the data to high-efficient coding, if the C/N ratio is 
degraded on the reception side, the original data can no 
longer be correctly reproduced. 

Here, a concrete explanation will be made of the 
problems in transmission of data via a wireless commu- 
nication channel and the countermeasures taken with 
respect to these problems by taking as an example a 
case where a television signal of digital format sub- 
jected to the high-efficient coding is transmitted. 

Figure 1 is a view showing the relationship between 
the carrier-to-noise ratio (C/N ratio) on the reception 
side and the signal-to-noise ratio (S/N ratio) of a repro- 
duced television signal when transmitting a television 
signal via a wireless communication channel and the 
possibility of reproduction of the data. 

Figure 2 is a view showing the desirable relation- 
ship between the C/N ratio on the reception side and the 
S/N ratio of a reproduced television signal when trans- 
mitting a television signal via a wireless communication 
channel and the possibility of reproduction of the data. 

Note that, the signal-to-noise ratio (S/N ratio) of the 
ordinates of Fig. 1 and Fig. 2 is a value determined by 
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encoding performed on the transmission side on the 
data to be transmitted. 

As indicated by the hatching in Fig. 1 , on the recep- 
tion side, in a region where a predetermined value or 
more of the C/N ratio of the received signal is secured s 
(reception level II). the data o( the television signal can 
be completely decoded from the received signal, so a 
good tel evision picture can be reproduced. 

On the other hand, at the reception side, in a region 
where the C/N ratio of the received signaJ becomes less ' io 
than the predetermined value (reception level I), the tel- 
evision signal cannot be correctly decoded due to data 
error, so it becomes completely impossible to reproduce 
the television picture. 

In an actual television broadcast, however, as is 
shown in Fig. 2. it is desirable that the quality of recep- 
tion of the television signal (S/N ratio) change according 
to the change of the C/N ratio on the reception side. 

That is, desirably, in an actual television broadcast, 
as shown in Fig. 2, on the reception side, in a region 20 
where the signal level is high and a good C/N ratio is 
obtained (reception level III), a high quality television 
picture and sound are are reproduced, while in the 
region where the reception level has become slightly 
higher than the reception level III (reception level II), a 25 
television picture and sound having a slightly lower 
quality are reproduced. 

This is desirable because, as shown in Fig. 1 , when 
the C/N ratio becomes less than a certain level, it is 
more desirable for the TV viewer that, as shown in Fig. 30 
2, while the quality is lowered when the C/N ratio is low- 
ered, a video signal of an extent enabling the content of 
the picture to be understood be reproduced at the 
reception side rather than it becoming completely 
impossible to reproduce the television signal on the as 
reception side. 

In order to realize the relationship between the C/N 
ratio and S/N ratio of the received signal as shown in 
Fig. 2, on the transmission side, it is necessary to use a 
hierarchical procedure in the encoding of the data to be aq 
transmitted. That is, the procedure of, at the transmis- 
sion side, transmitting the data to be transmitted 
encoded hierarchically divided to absolutely necessary 
important information and additional information and, at 
the reception side, receiving all of the data at a high as 
transmission speed when the signal level is high and 
receiving only the important information which is abso- 
lutely necessary for the reproduction at a low transmis- 
sion speed when the signal level on the reception side is 
low, .n other words, the procedure of data transmission so 
enabling change of the throughput corresponding to the 
state of reception on the reception side, becomes nec- 
essary. 

The present invention was made in consideration of 
the problems of the related art explained above and has ss 
as an object thereof to provide a signal transmitting 
apparatus, a signal receiving apparatus, and a method 
therefore whereby, when for example transmitting a tel- 
evision signal in a digital format a good television pic- 



ture and sound can be provided when the signal level is 
high on the reception side and. at the same time, a cer- 
tain degree of quality of television picture and sound 
can be provided even in a case when the signal level is 
low, i.e., so-called "graceful degradation- can be real- 
ized. 

Another object of the present invention is to provide 
a signal transmitting apparatus, a signal receiving appa- 
ratus, and a method thereof which can realize the 
above-mentioned relationship between the C/N ratio of 
the received signal and the S/N ratio of the reproduced 
data, that is, a relationship where when the C/N ratio of 
the received signal on the reception side become less 
than a certain value, the S/N ratio of the reproduced 
data is lowered according to the C/N ratio. 

Still another object of the present invention is to 
provide a signal transmitting' apparatus, a signal receiv- 
ing apparatus, and a method thereof which can perform 
data transmission with a throughput in accordance with 
the state of reception, that is, the C/N ratio of the 
received signal. 

DISCLOSURE OF INVENTION 



To attain the above objects, the signal transmitting 
apparatus according to the present invention is provided 
with an encoding means for performing error correction 
coding on a plurality of input signals with encoding rates 
corresponding to the respective input signals to gener- 
ate a plurality of encoded signals, a multiplexing means 
for multiplexing the plurality of encoded signals in a pre- 
determined order, and a modulating means for modulat- 
ing and outputting the multiplexed encoded signals. 

Preferably, the encoding means encodes the 
respective plurality of input signals with encoding rates 
smaller the higher the significance of the input signals 
and encodes the same with encoding rates larger the 
lower the significance of the input signals. 

Preferably, the plurality of input signals constitute 
one signal as a whole and are divided to n number of 
input signals in accordance with their significance and. 
corresponding to the n number of input signals, the 
encoding means has n number of systems of block cod- 
ing means for performing block coding on the input sig- 
nals, interleaving means for interleaving the input 
signals subjected to the block coding, and convolution^ 
coding means for performing conventional coding on 
the interleaved input signals. 

Preferably, the encoding rates are changed by 
changing the configurations of the n number of systems 
of convolutional coding means. 

Preferably, the apparatus further has a puncturing 
means for puncturing the signal encoded by the convo- 
lutional coding means, and the encoding rates are 
changed by the puncturing. 

Preferably, the plurality of input signals constitute 
one signal as a whole and are divided into n number of 
input signals in accordance with their significance and,, 
corresponding to the respective n number of input sig- 
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niaJs. the enccxiing means has n number^? systems of 
means for performing block coding on the input signals, 
interleaving means for interleaving the input signals 
subjected to the block coding, and Trellis coding means 
for performing the Trellis coding on the interleaved input 5 
signals. 

Preferably, the modulating means modulates the 
multiplexed plurality of encoded signals by individual 
multi-value modulation methods corresponding to the 
significance of the input signals. 10 

Preferably, the modulating means performs the 
modulation by a multi-value modulation method in which 
the higher the significance of the encoded signals, the 
smaller the amount of information per signal point and 
performs the modulation by a multi-value modulation is 
method in which the lower , the significance of the 
encoded signals, the larger the amount of information 
per signal point. 

Preferably, the apparatus further has a transforming 
means for transforming the multiplexed encoded signals 20 
from signals of a frequency domain to signals of a time 
domain to generate time domain signals, and the mod- 
ulating means performs OFDM modulation on the out- 
put from the converting means and outputs the result. 

Preferably, a plurality of OFDM modulation carriers 2s 
are assigned to the respective plurality of input signals 
and the modulation is carried out by the same modula- 
tion system in all of the OFDM modulation carriers. 

Preferably, the apparatus further has a transforming 
means for transforming the multiplexed encoded signals 30 
from signals of a frequency domain to signals of a time 
domain to generate time domain signals and the modu- 
lating means performs OFDM modulation on the output 
from the transforming means and outputs the result. 

Preferably, a plurality of OFDM modulation carriers 35 
are assigned to the respective plurality of input signals, 
and the modulation is earned out changing the modula- 
tion system for the respective plurality of OFDM carriers 
corresponding to the respective input signals. 

In the signal transmitting apparatus according to 40 
the present invention, the encoding means performs 
encoding by forming a hierarchy of a plurality of input 
signals constituting one transmission signal, for exam- 
ple, a television broadcast signal as a whole, that is, for 
example, a significant basic signal necessary for the 45 
reproduction of the basic picture and sound and an 
additional signal necessary for improvement of the pic- 
ture quality. That is, the encoding means generates 
respective encoded signals by encoding the basic sig- 
nal with a lew encoding rate with which error correction so 
can be easily carried out even if the signal receives 
noise or the like on the communication transmission line 
and by encoding the additional signal with a encoding 
rate with which the error correction is not easy but the 
transmission efficiency is high where the signal receives 55 
noise etc. on the communication transmission line. 

The multiplexing means multiplexes the generated 
encoded signals. 



is mBoul 



The modulating means mKJulates the multiplexed 
encoded signals by the multi-value modulation systems 
corresponding t6 the respective encoded signals. That 
is, the modulating means modulates the encoded signal 
of the basic signal by a multi-value modulation system in 
which the amount of information per signal point is small 
and modulates the encoded signal of the additional sig- 
nal by a multi-value modulation system in which the 
amount of information per signal point is small. 

In this way, an input signal having a high signifi- 
cance (basic signal) is encoded with a low encoding 
rate in which error correction can be easily carried out 
and further modulated by a modulation system in which 
the signal is resistant to noise etc. on the communica- 
tion transmission line so as to enable reliable reception 
even in a case where the C/N ratio on the reception side 
is low. 

Further, an input signal having a low significance 
(additional signal) is encoded with a high encoding rate 
which is inferior in error correction but has a good trans- 
mission efficiency and further modulated by a modula- 
tion system by which the transmission rate can be 
raised and the increase of the width of the transmission 
band in the communication transmission line is pre- 
vented. 

The signal receiving apparatus according to the 
present invention is a signal receiving apparatus which 
receives a transmission signal obtained by multiplexing 
in a predetermined order a plurality of encoded signals 
prepared by performing error correction coding on the 
respective plurality of input signals with encoding rates 
corresponding to the respective plurality of input signals 
and by modulating the multiplexed plurality of encoded 
signals, comprising a demodulating means for demodu- 
lating the modulated transmission signal to generate a 
demodulated signal, a demultiplexing means for demul- 
tiplexing the multiplexed plurality of encoded signals 
from the demodulated signal, and a decoding means for 
decoding the respective demultiplexed plurality of 
encoded signals by error correction decoding systems 
corresponding to the respective plurality of encoded sig- 
nals and outputting the same as the decoded signals. 

Preferably, the plurality of input signals constitute 
one signal as a whole and are divided into n number of 
input signals in accordance with their significance, the 
respective plurality of input signals are encoded with 
encoding rates smaller the higher the significance of the 
input signals and encoded with encoding rates larger 
the lower the significance of the input signals, and the 
decoding means outputs only the decoded signals in 
which uncorrectable error is not generated among the 
decoded n number of decoded signals. 

Preferably, the respective multiplexed plurality of 
encoded signals are modulated by individual multi-value 
modulation methods corresponding to the significance 
of the input signals, and the demodulating means 
demodulates the received transmission signal by a 
demodulation system corresponding to the modulation 
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the transmission 



system used for the modulation 
side. 

Preferably, the respective n number of input signaJs 
are subjected to block coding, interleaving, and convo- 
lutional coding and then multiplexed and modulated 
and the decoding means comprises a Vrterbi decoding 

means for performing Viterbi decoding for the plurality of 
encoded signals demultiplexed by the demultiplexing 
means, a demterleaving means for deinierleaving the 
signal subjected to the Vrterbi decoding, and a block 
decoding means for performing block decoding on the 
deinterleaved signal. 

Preferably, the multiplexed encoded signals are 
transformed from signals of a frequency domain to sig- 
nals of a tome domain, a plurality of OFDM modulation 
earners assigned to the respective plurality of input sig- 
nals are used. and. at the same time, the OFDM modu- 
tator, ns performed.by the same modulalion system in all 

ophm IT'!! 5, th6 demodu,a «"9 means comprises an 
OFDM demodulating means for performing demodula- 

nrW 1 ? 3me demodu,ati °n system in all of the 
OFDM modulation carriers, and a transforming means 
for transforming the demodulated signals from time 
domain signals to frequency domain signals. 

Preferably, the respective n number of input signals 
are subjected to block coding, interleaving, and Trellis 
codmg. and then multiplexed and modulated, and the 
decoding means comprises a Viterbi decoding means 
for Performing Vrterbi decoding on the" plurality of 
encoded signals demultiplexed by the demultiplexing 
EL* ^ er,eavin 9 means for deinterleaving the 
Vrtem,-decoded signal, and a block decoding means for 
performing block decoding on the deinterleaved. signal 
Preferably, the multiplexed encoded signals are 
^stormed from signals of a frequency domain to sig- 
nals of a tome domain, a plurality of OFDM modulation 
earners assigned to the respective plurality of input sig- 
nals are used. and. at the same time. the. OFDM modu- 
lation ,s performed changing the modulation system for 
each ofthe plurality of OFDM carriers correspondingio 

XLnT I 6 ' npUt Si9na,S> and ,he demodulating 
, p t erforms *• demodulation- changing the 
demodulate system for each of the plurality of OFDM 
earners corresponding to the respective input signals. . 

The signal receiving apparatus according to the 
present invention is an apparatus which reproduces the 

Z .XT I' 0 " 1 reC9Ved Si9nal transmi «« d from 
the s,gnal transmrttmg apparatus according to the 

EE? ' nVe T n ^ 3 P rede ^ned comrrLcation 
transm,ss,on line. In the signal receiving apparatus 
according to the present invention, the demSatg 
demodu,ates *• wooded signals 
svTtPmf reCSiVed ^nal by the demodulation 

th^ ^ eSP ° nd,ng to the modu,a,ion svs '^ used in 
the modulabon means of the signal transmitting appara" 

r« ISf demultiplexing means demultiplexes the 
r«pect,ve encoded signals demodulated S £e 
demodulating means. 
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TTie decoding means decodes the respective 

SS^y* !* 3 d , eCOdin9 m6anS ^Ponding to 
the encoding system of encoding applied to the respec- 
tive encoded signals in the encoding means of the sia- 
nal transmitting apparatus to reproduce the input signal 
Where the decoding system in the demodulating 
means and the encoding means which becomes the 
object of the decoding do not match, correct decoding 
cannot be carried out For this reason, a match (syn 
chromzation) between them is promoted by changing 
the decoding system for the encoded signal by the input 
changing means so as to achieve a match between the 
decoding system and the encoding means until at least 
one of the error rates after decoding of the encoding 
means becomes less than a predetermined valua 

The signal transmitting and receiving method 
accordmg to the present invention is a signal transmit- 
ting and receiving method which divides the digital sig- 
nals constituting one signal as a whole into a plurality of 
input signals in accordance with their significance 
applies error correction coding and modulation to them' 
and transmits the same to the reception side via a trans- 
m.ssion line, wherein, on the transmission side, a plural- 
ity of encoded signals obtained by performing error 
correction coding on a respective plurality of divided 
input signals with encoding rates corresponding to the 
respective plurality of input signals are multiplexed in a 
predetermined order and the multiplexed plurality of ' 
encoded signals are modulated and transmitted and 
on the reception side, the received modulated transmis- 
sion s,gnal is demodulated, a plurality of encoded sig- 
nals are demultiplexed from the demodulated signal 
and the demultiplexed plurality of encoded signals are 
respectively decoded by error correction decoding sys- 
tems corresponding to the respective plurality of 
encoded signals and output as decoded signals 

Preferably, in the error correction coding on the 
transmission side, the higher the significance of the 
input signal, the smaller the encoding rate by which the 
input signal is encoded and the lower the significance of 
the input signal, the larger the encoding rate by which 
the encoding is carried out 

Preferably, on the transmission side, the respective 
multiplexed plurality of encoded signals are modulated 
by individual multi-value modulation methods corre- 
sponding to the significances of the input signals and 
on the reception side, the received transmission signal 
is demodulated by demodulation systems correspond- 
ing to the modulation systems by which the received 
transmission signal was modulated on the transmission 

SJQG. 

Preferably, on the transmission side, the higher the 
fT T?*? ^ encoded s'fnal. the smaller the 
amount of information per signal point of the multi-value 
modulation method by which the modulation is carried 
out and the lower the significance of the encoded signal 
the larger the amount of information per signal point of ' 
the multi-value modulation method by which the modu- 
lation is carried out. 
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10 



Preferably, on the transmission sT^^ the multi- 
plexed encoded signals are transformed from signals of 
a frequency domain to signals of the time domain, the 
transformed signals are subjected to OFDM modulation 
and output, and on the reception side, the received sig- 5 
nals are subjected to OFDM demodulation, and the 
demodulated signals are transformed from signals of 
the time domain to signals of the frequency domain and 
demultiplexed to the plurality of encoded signals. 

Preferably, on the transmission side, as the error 10 
correction coding, block coding, interleaving, and con- 
volutional coding are carried out, and, on the reception 
side, as the error correction decoding, Viterbi decoding, 
deinterieaving, and block decoding are carried out. 

Preferably, on the transmission side, a plurality of is 
OFDM modulation carriers are assigned to the respec- 
tive plurality of input signals and the modulation is car- 
ried out by the same modulation system in all OFDM 
modulation carriers. ' 

Preferably, on the transmission side, as the error 20 
correction coding, block coding, interleaving, and Trellis 
coding are carried out and, on the reception side, as the 
error correction decoding, Viterbi decoding, deinterleav- 
ing and block decoding are carried out. 

Preferably, on the transmission side, a plurality of 25 
OFDM, modulation carriers are assigned to the respec- 
tive plurality of input signals, and the modulation is car- 
ried out while changing the modulation system for each 
of the plurality of OFDM carriers corresponding to the 
respective input signals. 30 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a view of the relationship between a C/N 
ratio on the reception side and an S/N ratio of a repro- 35 
duced television signal when transmitting a television 
signal via a wireless communication channel and the 
possibility of reproduction of the data. 

Figure 2 is a view of the desirable relationship 
between the C/N ratio on the reception side and the S/N 40 
ratio of a reproduced television signal when transmitting 
a television signal via a wireless communication chan- 
nel, and the possibility of reproduction of the data. 

Figure 3 is a view of the configuration of a signal 
transmission system according to a first embodiment of 45 
the present invention.. 

Figure 4 is a view of the configuration of a signal 
transmitting apparatus shown in Fig. 3. 

Figure 5 is a view of the configuration of a signal 
receiving apparatus shown in Fig. 3. so 

Figure 6 is a view of the configuration of a modula- 
tion circuit shown in Fig. 4. 

Figure 7 is a view of the configuration of a demodu- 
lation circuit shown in Fig. 5. 

Figure 8. is a view explaining a modulated signal ss 
transmitted from the signal transmitting apparatus 
shown in Fig. 3. 



Figure 9 is a view of the^Wiguration of the signal 
transmission system according to a second embodi- 
ment of the present invention. 

Rgurefiq)is a view of the configuration of a signal 
transmitting apparatus shown in Fig. 9. 

Figure 10 is a view of the configuration of a signal 
receiving apparatus shown in Fig. 9. 

Figure 12 is a view of the configuration of a first 
Trellis coding circuit (110 1 ) shown in Fig. 10. ^ 

Figure 12 is a view of the configuration of a second 
Trellis coding circuit (1 IO2) shown in Fig. 10. 

Figure 14 is a view of a signal point where a first 
mapping signal multiplexed by a multiplexing circuit 
shown in Fig. 10 is subjected to 16-QAM modulation. 

Figure 1 4 is a view of a signal point where a second 
mapping signal multiplexed by a multiplexing circuit 
shown in Fig. 10 is subjected to 64-QAM modulation. 

Figure 16 is a view of relationship between the C/N 
ratio on the reception side and the S/N ratio of a repro- 
duced television signal when transmitting a television 
signal via a wireless communication channel by the sig- 
nal transmission system of the second embodiment and 
the possibility of reproduction of the data. 

Figure 1 7 is a view of the configuration of the signal 
receiving apparatus according a third embodiment of 
the present invention. 

Figure 18 is a view of the configuration of a compar- 
ison circuit shown in Fig. 17. 

Figure 19 is a view of the configuration of a demul- 
tiplexing circuit shown in Fig. 17 where n » 4. * 

Figure 20 is a view of a signal transmitting appara- 
tus according to a fourth embodiment of the present 
invention. 

Figure 21 is a view of a signal receiving apparatus 
according to the fourth embodiment of the present 
invention. 

Figure 22 is a view of one example of the configura- 
tion of a CNV circuit shown in Fig. 20. 

Figure 23 is a view of a situation where the time 
domain signal generated in an IDFT circuit shown in 
Fig. 20 is output as the sum of the time direction to the 
modulation circuit 

Figure 24A.to Fig. 24C are views explaining the sit- 
uation where a real number component and an imagi- 
nary number component of the time domain signal 
generated in the IDFT circuit shown in Fig. 20 are sub- 
jected to orthogonal modulation^ 

Figure 25 is a view of a signal transmitting appara- 
tus according to a fifth embodiment of the present 
invention. 

Figure 26 is a view of a signal receiving apparatus 
according to the fifth embodiment of the present inven- 
tion. 

Figure 27 is a view of the relationship between the 
C/N ratio and the S/N ratio in the signal transmission 
system when the signal transmitting apparatus and sig- 
nal receiving apparatus shown in the fifth embodiment 
are used and the signal decoded by the signal receiving 
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apparatus is displayed on an id 
playing devica 

tran^T 28 iS 3 * the ^tion of a signal 
Jnsmitting apparatus according to a sixth embodiment 
of the present invention. 

Figure 29 is a view of the configuration of a signai 
^ce,v,ng apparatus according to the sixth embodiment 
of the present invention. 1 

waver"' 6 30 fe 3 V, ' W ' °' * 6 assianment carrier 

Figure 31 is a view of the situation where the time 
domain signa , gen6rated }n ^ m JJhnj 

f»„ 32 iS 8 V,ew * * e figuration of a signal ' ,5 
^an S m,tt,ng apparatus according to a seventh embS 
ment of the present invention 

recpHi? 33 iS 3 MeW 01 1,19 con «9uration of a signal 

m^ronh^ 31 " 8 aCC ° rding t0 the seven * «*3 
ment of the present invention 

20 



Tiodrotes tt 



BEST MODE FOR CARRYING, OUT THE INVENTION 
First emhnrtimonf 
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win stziz? e f mbodiment ° f the presem 

win De explained referring to Rg. 3 to Rg 8 

In the first embodiment the principle of the present 
avention ,s explained by taking as an example a S 
transmission system 1 according to the piSent inS 30 

i ra n3 UrS 3 iS 3 View 0f the figuration of the signal 

commumcation transmission line 20 and 7 1 ' | 
receiving apparatus 30. 8 8,9031 ' 

tranSln 6 * * 3 ^ ° f * he """Button of the signal 
transmitting apparatus 10 shown in Rg 3 ^ 

As shown in Rg. 4. the signal transmitting appara- 

he fL^ 1si *"-** same below^ 

n£*2 embod,ment > Prided corresponding to the 

SS'^ !' 9na, f ! N ? ,0 ,N - a ™*P'*4 drcurt «, 
(MUX) 120. and a modulation circuit 140 

tutor i h reSP6C,lve encodin 9 circuits 100, are consti- 

St Is^T* #1 ' R -««*»^ ending 
arcurts RSE) 102, .nterleave circuits (IL) 104, Trellis 
coding crc^s (TCM, 1 ia,. and mapping circuited so 

y f' em 1> tne SIQr >a' transmitting apparatus 10 
d.v des the data to be transmitted (series info , 

tern o» h h C ° rdanCe With the si9nifica "<* o7£e 1- 55 
cl, / ' data tD ° btain a P ,ura,i »y <* ^Put signal 
o IN (series of information). perJms; Trellis Sft'fi 

encodmg rates, multiplexes the same in the time slots 



fortransmission. modTOes the same by a multi-valus 
modulation method different for every 7me2c^ P 

ZTZ^T^ Si90a,S - ^ ^-^e 
same to the signal receiving apparatus 30 via a comrrJ 

■m-.* 8 Sh r° " Fl9 - 5 ' the si9nal rece ™3 apparatus 
30is constrtuted by a demodulation circuit (oS 
demul ip^ng circuit (DEMUX) 310. and n number * 
decoding circuits 320[. 

W* J^rfS/^ 6 decodln 9 circuits 320,- are consti- 
tuted by Viterbi decoding circuits (VIT) 330, deinterieav- 
TrSdS ^ ^ Reed -So'o-n decking S 
(RSD) 324,, and output terminals #i. Note that the con. 

Trellis coding circuits 1 10, to 1 10 

sion^m T^ 6 " 1 signal transmis- 

sion system 1. the signal receiving apparatus 30 
demodulates the encoded signals from tiTe^utetS 

Jne 20 by demodulation methods different for every time 

sirsrs*"- to ? e • noo * d si9na,s - *™» 

plexes fte respectrve demodulated encoded signals 
a^ performs Viterbi decoding, and reproduced 

-a^i^ 

As shown in Rg. 6. the modulation circuit 140 of the 
^naJ^nsmitting apparatus 10 is constituted I * 

circuits (D/A convereion 

142 and 144. multiplying circuits 146 and 148. an oscil 
arcuit 154. and a bandpass fitter (BPF) 156 

the n^lT 090 " 3 ' si9na,com Ponents I and Q input to 
Je modulation circuit 140 are respectively converted to 

Ste 4 aS u!»!r« 31 1,16 ° /A ^—bn ci^ 
iS nT ?" 4,16 ° ther hand - * s oscillation circuit 

i?ST* 3 carrier signal and ° Utputs 4,18 to 

the multiplying circuit 148 and the phase shift drcuit 
152. The phase shift circuit 152 shifts the phase of *e 
earner signal by 90° { rU2 radian) and outpute the resuS 
to the multiplying circuit 146. 

m „.«U ,e .u mU ' liplyin9 Circuits 146 and 1 *8 respectively 
S ' fmm h Ca t r Si9na,S haV,n9 9 Phase 

S^rl^ 

of thr a HH and " PaSS -' iHer 156 ,]triitS * e resu " * add tfan 
of Uie addition circurt 154 to a predetermined frequency 
band width and outputs the resultant signaPas a^ 
orthogonally modulated signal. 

^ Rgure 7 is a view of the configuration of the demod- 
ulation arcuit (OEM) shown in Rg. 5. 



7 



13 EP 0 732 

As shown in Fig. 7, the demcdulab^^pbuit 300 is 

constituted by multiplying circuits 342 and 344, an oscil- 
lation circuit 350, a phase shift circuit (n/2) 352, low- 
pass filters (LFP) 346 and 348, and analog/digital con- 
version circuits (A/D conversion circuits) 354 and 346. s 
Converse to the modulation circuit 140, the demodula- 
tion circuit 300 demodulates the signals transmitted 
from the signal transmitting apparatus and outputs the 
same as the orthogonal signal components I and Q of a 
digital format. 10 

Below, the operation of the signal transmission sys- 
tem 1 will be explained: 

The data to be transmitted is preliminarily divided 
into n number of portions (input signals INj) in accord- 
ance with their significance before bang input to the sig- is 
nal transmitting apparatus 10. The input signals INj are 
sequentially input to the input terminals #i, for example, 
an input signal IN n having the highest significance 
among the divided input signals IN ( is input to the input 
terminal #1 , an input signal IN 2 having the next highest 20 
significance is input to an input terminal. #2, and the 
input signal n having the lowest significance is input to 
the input terminal #n. 

The input signals IN-, respectively input to the input 
terminals #i are subjected to Reed-Solomon encoding 2s 
by the Reed-Solomon encoding circuits 102j and output 
as the Reed-Solomon encoded signals RSEj to the 
interleave circuits 104j. 

Here, a Reed-Solomon (RS) code is an error cor- 
rection code of a type of BCH coding and was proposed 30 
by LS. Reed and G. Solomon in 1960. While a usual 
error correction code performs error correction in units 
of single bits in, an RS code is characterized in that it 
performs the error correction in units of a plurality of 
bits. The RS code is an error correction code suited to a 35 
case when data is handled in units of bytes and a case 
where a lot of errors are generated. 

The Reed-Solomon encoded signals RSEj input to 
the interleave circuits 1 04 ( are interleaved and output as 
interleaved signals ISj to the Trellis coding circuits 1 10j. 40 

Here, "interleave" means the technology used for 
efficiently drawing out the capability of the error correc- 
tion code by dispersing data errors generated in bursts 
on a transmission line to transform them to average 
errors. 45 

The interleaved signals IS, input to the transmission 
coding circuits 1 10 L are subjected to Trellis coding with * 
encoding rates corresponding to the input signals INj. 
That is, the interleaved signal IS 1 corresponding to the 
input signal IN t having the highest significance is so 
encoded by the Trellis coding circuit 1.10 j by Trellis cod- 
ing of the smallest ratio of the amount of data before the 
Trellis coding to the amount of data after the Trellis cod- 
ing (small encoding rate) than even the interleave sig- 
nals IS2 to IS n and output as the Trellis coded signal 55 
TCSj to the mapping circuit 106^ 

Here, in the usual digital transmission, the portion 
for performing the error correction coding of the data 
and the portion for performing the modulation for trans - 
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mining the same are constitn^Hb mutually independ- 
ent portions. What connects this encoding and 
modulation and improves the transmission characteris- 
tic is "code modulation". The Trellis coding system (TreJ- 
lis code modulation system) is one type of a code 
modulation system and has been the subject of active 
. research and development starting from the paper on a 
Trellis code modulation system combining convolutional 
coding and the digital modulation by G. Ungerboech 
published in the 1 980s. 

Further, the interleaved signals ISj are coded by the 
Trellis coding circuits 1 10j by Trellis coding of encoding 
rates smaller the higher the significance of the corre- 
sponding input signals INj and are output as the Trellis 
coded signals TCSj to the mapping circuits 106}. 

Similarly, the interleaved signal IS,, is encoded by 
Trellis coding of an encoding rate larger than those of 
the interleaved signals IS 1 to IS^ by the Trellis coding 
circuit 1 10 n since the significance of the corresponding 
input signal IN n is the lowest and is output as the Trellis 
coded signal TCS n .to the mapping circuit 106 n . 

As mentioned above, the Trellis coded signals TCSj 
have a higher capability of correcting the data error and 
has a high reliability as the encoding rate is smaller. 
Accordingly, by performing the encoding with encoding 
rates corresponding to the significance of the input sig- 
nals INj in the respective Trellis coding circuits 1 1 0j, Trel- 
lis coded signals TCSj having correction capabilities 
with respect to data error in accordance with the signifi- 
cance of the respective input signals IN 1 to IN n can be 
generated. 

The Trellis coded signals TCSj input to the mapping 
circuits 1 06j are applied to the signal points of for exam- 
ple the QAM modulation method corresponding to those 
values. That is, the mapping circuits 106j assign the 
Trellis coded signals TCSj to the amplitude and phase 
information corresponding to the digital modulation sig- 
nal points of the corresponding QAM modulation 
method and outputs the same as the mapping signals 
MPSj comprised by two mutually orthogonal orthogonal 
signal components I and Q to the multiplexing circuit 
120. 

The mapping signals MPSj input to the multiplexing 
circuit 120 are multiplexed assigned to the correspond- 
ing time slots (time slots TS,) among the n number of 
transmission time slots TS1 to TS n and output as the 
multiplexed signals comprised by the mutually orthogo- 
nal signal components I and Q to the modulation circuit 
140. 

The multiplexed signals input to, the modulation cir- 
cuit 140 are modulated by the modulation methods cor- 
responding to the respective, time slots TS,. That is. 
where the encoded signal CSj transmitted by the time 
slot TSj is 3-bit data and the encoded signal CS i+1 trans- 
mitted by the time slot TSj^ is 4-bit data, the modulation 
circuit 140 performs 8-PSK (8-QAM) modulation on the 
encoded signal CSj at the time slot TSj and performs 
16-QAM modulation on the encoded signal CS^ at the 
time slot TS; +1 . The modulated signals generated by 
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modulating the multiplexed sigrW&nd Q by the mod- 
ulation circuit 140 are transmitted via the communica- 
tion transmission line 20 to the signal receiving 
apparatus 30. ' 

Below, the modulated signals transmitted from the s 
signal transmitting apparatus 10 via the communication 

30 will be explained referring to Fig. 8. 
uaJVZ 8 ? 3 ™ ex P |ainin 9 *e modulated signals 
s3fn Rg f 3. m ** " 

i««i^ S .u h0W !!i n . Ra - * in 016 s '* 9nal tra "smission sys- 
tem 1. the modulated signals transmitted by the sigral 
transmitting apparatus 10 via the communication trans- 

7rlT n * 20 l ° ^ r6Ceivin9 3 ° » 

gradually change in modulation system every time slot 

(mm l ma t' edabWe ' thB input ^ na,s 'Ni input 
L erm,na ' S #1 10 become *e HTappTng 
signals MPS, after passing through the encoding SJt 
100,. are multiplexed by the multiplexing circuit 120 and so 
are modulated at the modulation cir cu,? 140 to be^e 
the modulated signals. 8 

'^ 6 I!!! 0dUlated Si9nals> encoded si 9"a's CS, to 
CS n subjected to 8-PSK. 16-QAM. 32-QAM and 

|28-QAM modulation are multiplexed at the time slots Ss 
in Fig J reSP6Ct,Ve,y indicated bv the symbols a to d 

Below, an explanation will be made of the operation " 
of the signal receiving apparatus 30. 

The signal receiving apparatus 30" which receives so 
the modulated signals from the signal transmSS 
apparatus 10 via the communication Lnsmissionte 

2 l a T ,Ue K f y Perf ° rmS prOCessin 9 on •» niodulatad- 
• signals substantially reverse to that of the signal trans- 

m«,ng apparatus 10 to decodes the input signals IN? » 

trani 3ted S,9naSs ^^tled from the signal 
bansmtting apparatus 10 via the communication trare 
mission line 20 to the signal receiving apparatus 30a7e 
outTd ^r demodula «°n c?rcuT 3 oTa^ 
£ ?o2, U ' ated Si9na,S b * tha orthogo- <* 

ctuTtTfo. P ° nertS ' ^ ° ,0 *• d -^g 
Here, the demodulation circuit 300 performs a 

S U et° n t ° P r i0n for 8 " PSK ^o*aT the 
S^T 0 "' ^ Whe " ,he received *** is one « 
subjected to for example 32-QAM modulation of course 

the 5 W^'^L 6emXiU,ated and data 
h!nl " 9 arCU,t ^ become s large. When 

the demodulation circuit 300 demodulates 8-PSK iw? 

he i Vfterb^ecoding circuit 330, becomes small. Ac^rd- 
>ngly. by changing the demodulation method in order 
such as 16-QAM. 32-QAM 128 -QAM Sd sSS 

We The demodulated signals correspond to the mS- 55 
Plexed signals outout from the multiplexing Ocurt 1 » 0, 

ct^™"^ 9 aPPara,US 10 ,D m ^ 



The demodulate^feals input to the demultiplex- 
ing circuit 310 are demu.tiplexed a. every timely 
output as the demultiplexed signals DS, to the Viterbi 
decoding circuits 330; of the decoding circuit 320,. The 

Si9na ' S D *«»"«P™' *o the mapping 
signals MPS, output from the mapping circuits lb? to 
the multiplexing circuit 1 20. 

The demultiplexed signals DS, input to the Viterbi 
decoding circuit 330, are subjected to Viterbi decoding 
and output as the Viterbi-decoded signals VDS, to the 
danterleave circuits 322, The Viterbi-deccded signak 
VDS, correspond to the interleaved signals IS, which are 
output from the interleave circuits 104, to the Trellis cod- 
ing circuits 110,. w 

Here, the Viterbi decoding system is a method of 
decoding convolutional codes .among error correction 
codes and was proposed by .AJ. Vrterbi in 1967 

f^ C ^J°- fhB Wefbi deCOdin9 systam - ^muiri 
likelihood decoding finding the code nearest to the oriq- 

■nal data to the received data can be effectively carried 

The Viterbi decoded signals VDS, input to the dein- 
terleave circuits 322, are subjected to the reverse 
processing to that of the interleave circuits 104, and out- 
put as the deinterleaved signals IS, to the' Reed-Solo- 
mon decoding circuits 324, The deinterleaved signals 
Sp 00 "!??? t0 Reed -S°lomon<x>ded signals 
\°T JT Reed - Sol °'"°n encoding circuits 
1 02, to the interleave circuits 1 04, 

The deinterleaved signals IS, input to the Reed- 
Solomon decoding circuits 324, are subjected to Reed- 
Solomon decoding and decoded to the input signals IN, 
before the transmission and output from the output ter- 
minals #i. • • 

Here, where there is a decoding circuit 320, which 

527? ^ ab,e X ° Peribrm the errar correcti ° n ^e 
Viterb. decod.ng circuit 330, since the state of reception 

becomes bad for the above reasons, that decoding cir- 
cuit 320, is not used. Only the output signals of the other 
decoding circuits 320 x (i is not equal to x) are used. This 
method is the same also in the later mentioned second 
to seventh embodiments. ... 

sv,t™ J"!!?" 0 "" 1 1 ab0Ve ' Si9nal transmission . 

system 1. the signal transmitting apparatus 10 encodes 

the input signals IN, divided as portions having a high 
agnrficance in the data to be transmitted by a Treifis 
code having a small encoding rate, whereby even in a 
case where the state of reception becomes poor on the 
signal recaving apparatus 30 side (the C/N ratio of the 
received signal is low), the transmission can be 

SGCUrSO, 

Further, the signal transmitting apparatus 10 
encodes the input signals IN, divided as portions having 
a low s.gnrf.cance by a Trellis code having a large 
encoding rate, whereby in a case where the state of 
reception on the signal receiving apparatus 30 side is 
good (the C/N ratio of the received signal is high) the 
input signals IN, can be received with a good efficiency 
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Second embodiment 

Below, a second embodiment of the present inven- 
tion will be explained referring to Fig. 9 to Fig. 16. 

. First the configuration of the signal transmission s 
system 2 will be explained referring to Fig. 9 to Fig. 11. 
Figure 9 is a view of the configuration of the signal 
transmission system 2 according to the second embod- 
iment of the present invention. 

As shown in Fig. 9, the signal transmission system 10 
2 explained in the second embodiment is obtained by 
replacing the signal transmitting apparatus 10 and the 
signal receiving apparatus 30 of the signal transmission 
system 1 shown in the first embodiment by a signal 
transmitting apparatus 12 and a signal receiving appa- 75 
ratus 32 performing the transmission and demodulation 
of a television signal of a digital format, respectively, and 
further adding an image processing and displaying 
device 60 which reproduces and displays the image etc. 
from the input signals INj decoded by the signal receiv- 20 
ing apparatus 32. 

Figure 1 0 is a view of the configuration of the signal 
transmitting apparatus 12 shown in Fig. 9. 

As shown in Fig. 10, the signal transmitting appara- 
tus 12 is constituted by two encoding circuits 100 it the 25 
multiplexing circuit 120, and the modulation circuit 140. 

The encoding circuits 100j, are respectivejy consti- 
tuted by Reed-Solomon encoding circuits 102 j( inter- 
leave circuits 104 jp Trellis coding circuits 110 i? and 
mapping circuits 106j (i = 1, 2; the same below in the 30 
second embodiment). 

Note that, the configuration of the Trellis coding cir- 
cuits 110 1 and 110 2 will be explained later referring to 
Fig. 12 and Fig. 13. 

The signal transmitting apparatus 12 is the signal 55 
transmitting apparatus 10 shown in the first embodi- 
ment used for transmission of a television signal of a 
digital format and with n = 2, where the input signals \H t 
to be input to the input terminals i of the signal transmit- 
ting apparatus 12 are divided into 2 levels in accordance ao 
with their significance. The input signals IN, are signals 
having the high significance necessary for transmitting 
the basic picture and sound in the television signals, 
and the input signals !N 2 are additional data used for 
enhancing the quality of the picture and sound and are 45 
signals having lower significance than the input signals 
IN,. 

Note that, the encoding circuits 100j, the multiplex- . 
ing circuit 120, the modulation circuit 140, the Reed- 
Solomon encoding circuits 102j, the interleave circuits so 
104 i( the Trellis coding circuits 110j, and the mapping 
circuits 106j of the signal transmitting apparatus 12 cor- 
respond to the components of the signal transmitting 
apparatus 10 indicated by the same symbols in Fig. 4. 
The components of the signal transmitting apparatus 1 2 55 
have functions corresponding to the components of the 
corresponding signal transmitting apparatus 10 and 
perform corresponding operations. 



Figure 1 1 is a view of th guration of the signal 
receiving apparatus 32 shown in Fig. 9. 

As shown in Fig. 1 1 , the signal receiving apparatus 
32 is constituted by a demodulation circuit 300, a 
demultiplexing circuit 310, and two decoding circuits 
320i. 

The decoding circuits 320j are constituted by Viterbi 
decoding circuits 330-,, deinterleave circuits 322 it and 
Reed-Solomon decoding circuits 324j. 

The signal receiving apparatus 32 is the signal 
receiving apparatus 30 shown in the first embodiment 
which is used for the reception of a television signal of a 
digital format and where n = 2 and decodes the input 
signals INj from the received modulated signals. 

The demodulation circuit 300, demultiplexing circuit 
310, decoding circuits 320j, Viterbi decoding circuits 
330j, deinterleave circuits. 322 jt and Reed-Solomon 
decoding circuits 324, of the signal receiving apparatus 
32 respectively correspond to the components of the 
signal receiving apparatus 30 shown in Fig. 5 and are 
indicated by the same symbols, while the components 
of the signal receiving apparatus 32 have functions cor- 
responding to those of the components of the corre- 
sponding signal receiving apparatus 30 and perform the 
corresponding operations. Note that, the Viterbi decod- 
ing circuits 330, and 330 2 respectively correspond to 
the Trellis coding circuits 1 10, and 1 10 2 . 

Below, the configuration and operation of thesfrellis 
coding circuits 1 10j will be explained. It 

Figure 12 is a view of the configuration of the Trellis 
coding circuit 1 10, shown in Fig. 10. 

As shown in Fig. 12, the Trellis coding circuit 1 10, is 
constituted by latch circuits (R2, R1, R0) 160, 164, and 
168 which hold logical values of signals respectively 
input to the input terminal D whenever 1 bit of a new 
interleaved signal IS, is input and output the same from 
the output terminal Q and XOR circuits 162 and 166 
which calculate the exclusive OR of the input two sig- 
nals. 

The Trellis coding circuit 110, encodes the 3-bit 
interleave signal IS, (x3 (MSB), x2, x1 (LSB)) input from 
the interleave circuit 104, to the 4-bit Trellis coded sig- 
nal TCS, (y1 to y4) by the configuration shown in Fig. 
12 and outputs the result to the mapping circuit 106,. 

Below, the configuration and operation of the Trellis 
coding circuit 1 IO2 will be explained. 

Figure 13 is a view of the configuration of the Trellis 
coding circuit 1 10^ shown in Fig. 10. 

As shown in Fig. 13, the Trellis coding circuit 1 1 0 2 is 
constituted by latch circuits (R2, R1, RO) 160, 164, and 
168 which hold logical values of signals respectively 
input to the input terminal D whenever 1 bit of a new 
interleave signal IS2 is input and output the result from 
the output terminal Q and XOR circuits 162 and 166 
which calculate the exclusive-OR of the input two sig- 
nals. 

That is, as is seen from a comparison between Fig. 
12 and Fig. 13, the Trellis cooing circuit 1 10 2 comprises 
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the Trellis coding circuit 110, plu^^lel paths (x5 
- y5. x4 - y4) by-passing the TreJIislbding drcuit 1 10 2 

The Trellis coding drcuit 1102 encodes the 5-M 
interleave s.gnal Kfe (x5 (MSB) x1 (LSB)) input from 

TC^iTJ: r K * 1042 10 3 6 " bit Tre,,is «** signal 5 
TCSz (yl to y6) by the configuration shown in Fig 13 

and cutouts the result to the mapping circuit 106, 

no*,! f f p,anation wi " be made of the method of 
performing Trell, s coding with an encoding rate of 5/6 on 

25 fansmisson encoding rate of 3/4 in the 
Trellis coding circuit 1 1 0 2 . 

Figure 1 4 is a view of the signal point when the first 

^hl^ n t mU,tip,eXed the hexing drcurt 
1 20 shown .n Fig. 10 is subjected to 16-QAM modula- ,5 

Rgure 15 is a view of the signal point when the sec- 

mciJlaL ^ 10 ^ SUbj6Cted to 

As mentioned above,.the Trellis coding circuit 110, " 
.s compnsed of the Trellis coding circuit 110, plus £ 

■ ?Sf P S?r BrW,I ^ Cn ' in ^eTre«iscod^JS 
TCS 2 output from the Trellis coding circuit 110, ihl 
.rrformation per symbol is increasedfrom 3 bits to 5 bits 25 
compared with the Trellis coded signal TCS,. and Te 

Zl\ ^ 5,9031 TCS2 has a hi 9" en «**ng rate as 
seen from the comparison between Fig. 14 and Fig. 15 

the sub-set becomes small. Accordingly, it is seen that 
the Trell,s coded signal TCS, fe. more susceptible to 
data error than the Trellis coded signal TCS, 

ratals malT in ^ ral - « the encoding 

rate is made larger, the transmission effidencv is » 

to a V??*^ Wh6n lwo paraHel P a **s are added 
to a Tre s cod-ng drcuit having an encoding rate of m ■ 
and Trellis coding of an encoding rate of 5/6 is carted 40 
out as ,n the Trellis coding circuit 1 10,. tj^ J^S 

ON ra o of »L *? ^"P*" sfd * * 'arger than the 
SvP« J ?» reCe ' Ved Si9nal ^ «hich the former 

rr^T Wne " conparin » •» Trel »s coded signal 

c^StS^^ 9 ra,e °' 3/4 and T ' e »* 

cooed s.gnal TCSz havmg an encoding rate of 5/6 the 

tri™ W ra«o°rrf advan,a9eous ^n the'latter intfew of so 
the C/N rat,o of the received signal on the reception side 

6 l* Bt Whi ' e *~ thrOU9hput becomerhight 
»n the latter than the former by 67 percent 

tern fSZTZ **? fa,i0 ? °' the Si9na ' ^nsmission sys- 
tem 2 will be simply explained 

Input signals IN, and IN 2 respectively input from the * 

a^Tif #1 ^ 01 the S, " 9na ' 
apparatus 12 are processed by the Reed-Solomon 

encoding arc* 102,- and the interleave drcuits 104,™ 
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output as interleave W»s IS, and iSfe to the Trellis 
cod.ng arcuits 110, and 1 10 2 . respects* 

dr JTiin* 6 - ' eaV ! Si9nal ' Sl inpUt *° 919 Tre,,is «*«ng 
cucurt 110, ,s subjected to the Trellis coding with the 

eroding rate , of 3/4 and output as the Tre.lis Led sTg 

nai TCS, to the mapping drcuit 106, 

d ra ?i irT 6 - ' eaV ! Si9na ' ISz inpUt 10 *» Tre,lis «xli"9 
orcurt 110 2 is subjected to the Trellis coding with the 

S?S ! I 5/6 and output as 0,9 Tre,,is «** -B- 

nai TC^ to the mapping drcuit 1063 

The interleave signal IS, input to the mapping dr- 
ourtlOS, 's Processed by the mapping drcuit 106, and 
becomes the mapp in g signals MPS, and MPS, which 
are output to the multiplexing circuit 120 

rmJ?" — " 9 . S, ' 9 " a,S MPSl and MPS 2 '"P* to the 
S2"J c,rcu 1 ,t 120 are multiplexed and output as 
multiplexed signals to the modulation drcuit 140 

». a «™ * ™? u,afion drcuit 140 Performs 16-QAM mod- 
nation on the mapping signal MPS, corresponding to 

E? "SI 8 ' 9 " 3 S ^ and ' Nz a t the time slot 

TS, of the multiplexed signals and performs 64-QAM 
modulaton on the mapping signal M PSz corresponding 
to the input s,gnal IN 2 multiplexed at the time sIoTts, of 
tt^mutoplexed signals and outputs the same as lie 

ESElr 8 ^ ^ ^ communi ««on transmission 
line 20 to the signal receiving apparatus 32 

The modulated signals transmitted to the sional 
racemng apparatus 32 are input to the demodulation v 

cuit 300 is as explained in the first embodiment V 

The signals contained in the time slot TS, of the 
modulated signals input to the demodulation cVcuit 300 
are subjected to 16-QAM demodulation, while the sig- 

SLT*!!?! me t,me S ' 0t TS i are «**«tod to 64- 
QAM demodulaton. These are output as the demodu- 
lated signals to the demultiplexing circuit 310 

The demodulated signals input to the demultiplex- 
ing crcurt 31 0 are demultiplexed for every time slot 
output as the demultiplexed signals DS r to the Vrterbi 
decoding circuits 330j. 

"The demultiplexed signal DS, input to the Vrterbi 
^T^ 301 to «*l«** Viterbidecodingby 
retell ^ Tre " iS «*• of ^coding 
VDS V£ f.T 85 106 W&bi ^co6e6 signal 
vds, to the deirrterleave drcuit 322, 

ripj? 6 demu,,i P |exed Sl '9nal DS 2 input to the Vrterbi 
^m 3302 iS SUbi6Cted ,0 Vi,ert)i dec ^ng by 
rate^S Tre ' Hs of ,he -«S5 
VdLL^h 35 ^e Vrterbi decoded signal 

VDS2 to the demterleave drcuit 322 2 

bvth^H^ d ^^ Si9na,sVDS '' arede,n terleaved 
by tt,e deirrterleave drcuits 322, and decoded by the 
Reed-Solomon decoding drcuits 324, and output as the 

ran IJ 6 im39e P rocessin 9 and displaying device 60 
27 ^ te.ev.sion picture and sound by using 
both of the input signals IN, and IN 2 when the C/N ratio 
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of the received signal is more than a^BRietermined 

value and displays and outputs the same. 

Further, the image processing and displaying 
device 60 reproduces the television picture and sound 
by using only the input signal IN 1 when the C/N ratio of 5 
the received signal is less than a predetermined value 
and displays and outputs the same. 

As explained above, the relationship between the 
C/N ratio and the S/N ratio in the signal transmission 
system 2 becomes as shown in Fig. 16. w 

Figure 16 is a view of the relationship between the 
carrier-to-noise ratio (C/N ratio) on the reception side 
and the signal-to-noise ratio (S/N ratio) of a reproduced 
television signal when transmitting a television signal by 
the signal transmission system in the second embodi- 15 
ment via the wireless communication channel and the 
possibility of the reproduction of data. 

That is, in the region where the C/N ratio of the 
received signal in the signal receiving apparatus 32 is 
larger than a predetermined value (reception level III). 20 
reproduction is possible up to the input signal IN 2 in the 
signal receiving apparatus 32. so the image processing 
and displaying device 60 can display a high quality pic- 
ture added with the additional information and output 
the sound. 2 s 

Further, in the region where the C/N ratio of the 
received signal in the signal receiving apparatus 32 is 
lowered and becomes smaller than the predetermined 
value (reception level II). the additional information can- 
not be reproduced, but the input signal IN 1 can be 30 
reproduced, so the image processing and displaying 
device 60 can display the basic picture not added with 
the additional information and can output the sound. 
The region of this reception level II is continued up to the 
region where the C/N ratio of the received signal ss 
becomes further lower than the predetermined value by 
6.5 dB. 

In the region where the C/N ratio of the received 
signal is further lowered (reception level I), however, the 
image processing and displaying device 60 becomes 40 
unable to display the video signal etc. 

Here, the S/N ratio on the ordinate in Fig. 16 is a 
value obtained where only the reproduced input signal 
,N 1 is used in the region of the reception level II and is a 
value obtained where the signals of both of the repro- 45 
duced input signals JNj and IN 2 are used in the region 
of the reception level I. 

In the signal transmission system 2 shown in the 
second embodiment, there were two input signals and 
there were also two coding circuits 100j and the decod- so 
ing circuits 320j corresponding to them, but the number 
of the input signals is not restricted to two. Further, 
where the number of the input signals is increased, it is 
necessary to increase the number of the encoding cir- 
cuits 1 00j and decoding circuits 320j in accordance with ss 
the number of the input signals. 

In this way, when increasing the number of the input 
signals, the regions of the reception level shown in Fig. 
16 can be made smaller, so the characteristics can be 



arable characteristic 



made further closer to trraiRsir 

shown in Fig. 2. 

According to the signal transmission systems 1 and 
2 according to the present invention explained above, 
the amount of information corresponding to the received 
signal (C/N ratio of the received signal) can be received 
on the reception side. Accordingly, data transmission 
corresponding to the "graceful degradation" shown in 
Fig. 2 can be carried out. 

Further, in the signal transmitting apparatuses 10 
and 12 of the signal transmission systems 1 and 2 
according to the present invention, a plurality of input 
signals are respectively subjected to the Reed-Solomon 
encoding and subjected to the Trellis code modulation 
and then these series are multiplexed. Further, in the 
signal receiving apparatuses 30 and 32, the respective 
input signals (information series) are decoded from the 
received signal, so the operating speed of the coding 
modulation circuit and the decoding circuit can be 
slower than that in the case where the encoding is car- 
ried out after multiplexing the series of information as in 
the conventional apparatus. Accordingly, the signal 
receiving apparatuses 30 and 32 can perform the 
encoding and decoding with respect to the modulated 
signals at a higher speed than a conventional appara- 
tus. 

Thjrcf embociiment 

Below, an explanation will be made of a third 
embodiment of the present invention referring to Fig. 17 
to Fig. 19. 

Figure 1 7 is a view of the configuration of the signal 
receiving apparatus 62 according to the third embodi- 
ment of the present invention. 

In the signal receiving apparatus 62, to correctly 
decode the transmitted signal, correct correspondence 
between the data divided when input to the transmis- 
sion side, for example, the signal transmitting apparatus 
10, and the data received on the signal receiving appa- 
ratus 62 side is necessary. 

Specifically, the data transmitted from the signal 
transmitting apparatus side as the transmission data #1 
must be encoded at an encoding circuit corresponding 
to the transmission data #1 and must be decoded at a 
decoding circuit corresponding to the data #1 in the sig- 
nal receiving apparatus 62. Below, in the third embodi- 
ment, the "state where the correspondence of data 
between the signal transmitting apparatus 10 side and 
the signal receiving apparatus 62 side is established" is 
defined as the "state where synchronization is estab- 
lished". 

The signal receiving apparatus 62 has a phase shift 
function and out-of-synchronization detection function 
for establishment of synchronization. 

The phase shift function shown here is a function 
where when for example input signals IN 1( .... IN n are 
brought into correspondence with decoding circuits #1 . 
#2 .... #n, respectively, the correspondence is shifted 
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(phase shifted) one by one so as^ferrespond to the 

decoding circuits #2. #3 #n and #1 . 

The out-of-synchronization detection function is 
based on the principle explained below. 
. If noise etc. is not added during the transmission s 
and the synchronization of data can be established 
even in the signal receiving apparatus, when the result 
obtained by performing the decoding by the Viterbi 
decoding circuit corresponding to the received input sig- 
nal IN, is encoded by the Viterbi coding circuit corre- w 
sponding to the input signal INj again, the same 
information as the received input signal IN, should be 
obtained. On the other hand, even when ndse is added 
during the transmission, if the added noise is of a level 
where transmission is possible, it coincides with the is 
received series with a certain degree of probability. 

Conversely, where synchronization of data is not 
established in the signal receiving apparatus, this 
means that for example the data corresponding to an 

Viterbi decoding circuit j (i is not equal to j). so even if 
the result of this decoding is encoded by a Viterbi cod- 
ing circuit j corresponding to the Viterbi decoding circuit 
j again, the result of encoding does not coincide with the 
input signal IN, The probability that the result of encod- 25 
ing by the Viterbi coding circuit j and the input signal IN- 
coincide with each other becomes near 1/2. ' 

Here, the out-of-synchronization detection function 
indicated here is for detecting the but-of-synchroniza- 
tion of the data by utilizing the above fact Use of any of 30 
the ,nput signals IN, to IN 2 for the detection of the out- 
of-synchronization state is optional, but when the data 
having the least transmission error, that is. the data hav- 
ing the smallest encoding rate, is used for the detection 
of the out-of-synchronization state, the out-of-synchro- as 
mzatjon state can be most preferably detected 

62 is constituted by a demodulation circuit 600. a 
demuftiplexing circuit 610. n number of decoding circuits 
620;, and a synchronization circuit 64. 40 
The synchronization circuit 64 is constituted by a 

^ «r mination circuit (DET) 640 - a de,a y <*«* 

■ . fu l 3 " encod,n 9 circuit (TCM) 644 correspond- 
ing to the decoding circuit 62 0l . and a comparison cir- 

CUIt 645. 

em ^ 8 ^ I modu,ation 600. demultiplexing circuit 
610. decodrng circuits 62.0;, Viterbi decoding circuits 
630, deinterleave. circuits 632,. and Reed-Solomon 
decod,ng circuits 634, of the signal receiving apparatus 
62 correspond to the demodulation circuit 300. demuKi- so 
plexing circuit 310. decoding circuits 320,. Viterbi 
decoding circuits 330, deinterleave circuits 332, and 
Reed-Solomon decoding circuits 324, of the siqnal 

s n r te '°' respectve,y - ^ 

of the signal receiving apparatus 62 have functions cor- 55 
resp lond.ng ,0 the corresponding components of the sig- 

SeSonT 9 9PParatUS 30 ^ Peri ° rm ««Pon*i 
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The signals receiv^hd input to the signal receiv- 
ing apparatus 62 are demodulated by the demodulation 
circuit 600 and divided into the input signals IN* to IN 
by the demultiplexing circuit 610. " 

The divided input signals IN, are input to the Viterbi 
decoding circuits 630i and, at the same time, input to the 
hard determination circuit 640 of the synchronization 
circuit 64. 

The hard determination circuit 640 determines the 
data corresponding to the signal point corresponding to 
the signal point of Fig. 14 haying the smallest square 
Euclidean distance from the received signal point 
Where there is no transmission error, the data obtained 
as the result of determination coincides with the result 
ofencoding in the encoding circuit on the signal trans- 
mitting apparatus 10 side. 

The result of determination by the hard determina- 
tion circuit 640 is delayed at the delay circuit 642 exactly 
by the processing time in the Viterbi decoding circuit 
630! and output to the comparison circuit 646. 

The Viterbi decoding circuit 630, performs the 
Viterbi decoding on the input signal IN, and outputs the 
result to the deinterleave circuit 632, and the encodina 
circuit 644. 

The encoding circuit 644 perform Viterbi coding 
once again on the result of the Viterbi decoding by the 
Viterbi decoding circuit 630, and outputs the data 
obtained to the comparison circuit 646. 

Figure 18 is a view of the configuration of the com- 
parison circuit (CMP) 646 shown in Fig. 17. 

As shown in Fig. 18, the comparison circuit 646 is 
constituted by an exclusive-OR circuit (XOR) 650 a 
counting circuit 652, a comparator (comparison) circuit < 
654, and a register 656. 

The comparison circuit 646 compares the data 
input from the encoding circuit 644 and the data delayed 
at the delay circuit 642 and where it detects that the 
error rate is larger than a predetermined number, out- 
puts a detection value indicating that the out-of-syn- 
chronization state has occurred. 

In the comparison circuit 646, the exclusive-OR 
(XOR) circuit 650 detects the mismatch of the data input 
from the delay circuit 642 and the encoding circuit 644 
for every bit. 

The counting circuit 652 counts the number of mis- 
matches of the data detected at the comparison circuit 
646 for example at every predetermined time and out- 
puts the resurt.of the count to the comparator 654. 

The register 656 stores the reference value of the 
out-of-synchronization state The comparator circuit 
654 outputs a predetermined detection value, for exam- 
ple, a logical value 0 where the result of the count of the 
counting circuit 652 becomes larger than the reference 
value stored in the register 656. 

As the reference value to be stored in the register 
656, it is preferable to select a reference value com- 
pared to which the value counted at the counting circuit ' 
652 becomes smaller within a range where the signal 
can be transmitted from for example the signal transmrt- 
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ting apparatus 10 (service is possible) -and where syn- 
chronization is established and a reference value 
compared to which the value counted at the counter 652 
becomes larger out of the service range or where the 
synchronization is not established within the service 5 
range. 

As explained above, by monitoring the detection 
value output from the comparison circuit 646 of the syn- 
chronization circuit 64, the out-of-synchronization 
detection function can be realized. 10 

Figure 19 is a view of the configuration of the 
demultiplexing circuit (DEMUX) 610 shewn in Fig. 17 
where n = 4. 

As shown in Fig. 19, the demultiplexing circuit 610 
is constituted by latch circuits 662, 664, 666, and 668, a 15 
counting circuit 660, a gate circuit 670, and a clock gen- 
eration circuit 672. 

In the demultiplexing circuit 610, the output signal 
of the demodulation circuit 600 is input as the first input 
signal to the latch circuits 662, 664, 666, and 668. so 

On the other hand, the clock generation circuit 672 
generates a clock signal CLK in synchronization with . 
the output signal of the demodulation circuit 600 and 
outputs the same to the gate circuit 670. 

The gate circuit 670 holds the clock signal CLK at 25 
the logical value 0 for 1 cycle only in a case where the 
detection value input from the synchronization circuit 64 
is the logical value 0 and outputs the same to the count- 
ing circuit 660. 

The counting circuit 660 changes the output signals 30 
(a, b, c, d) in the order of (1 , 0, 0. 0), (0, 1 , 0, 0), (0, 0, 1 , 
0), (0, 0. 0. 1), and (1 , 0, 0. 0), ... whenever the clock sig- 
nal CLK is input. 

The latch circuits 662, 664, 666, and 668 output the 
first input signal where the logical value of the second 55 
input signal is 1 and holds the output signal at that point 
of time where the second input signal has the logical 
value of 0. 

Where the detection value of the synchronization 
circuit 64 is always the logical value 1 , the output signals 40 
a to d of the counting circuit 660 become the logical 
value 1 in order and are input to the respective latch cir- 
cuits 662. 664. 666, and 668 as the second input sig- 
nals. Accordingly, the input signals 1 to 4 from the 
demultiplexing circuit 610 are respectively output to the as 
Viterbi decoding circuits 630j to 630 4 . 

Where the detection value of the synchronization 
circuit 64 is the logical value 0, the clock signal CLK is 
not output from the gate circuit 670 to the counting cir- 
cuit 660 exactly for the period of that cycle. Accordingly, so 
even at the cycle of for example the next clock signal 
CLK, the output signal a of the counting circuit 660 
becomes the logical value 1 and the other output sig- 
nals b to d become the logical value 0. In this way, when 
the detection value of the synchronization circuit 64 . 55 
becomes the . logical value 0, the phases of the data 
supplied from the demultiplexing circuit 610 to the 
Viterbi decoding circuits 630! to 630 4 will shift. 



In this way, during the perlW where the out-of-syn- 
chronization state is detected by the synchronization 
circuit 64. the phases of the data supplied from the 
demultiplexing circuit 610 to the Viterbi decoding cir- 
cuits 630 1 to 630 4 are sequentially shifted. The phase 
shift is ended at the point of time when the out-of-syn- 
chronization state is no longer detected by the synchro- 
nization circuit 64. 

The demultiplexing circuit 610 realizes the phase 
shift function as explained above. 

Below, the operation of the signal receiving appara- 
tus 62 will be simply explained. 

The signal input to the signal receiving apparatus 
62 is demodulated by the demodulation circuit 600, 
demultiplexed by the demultiplexing circuit 610, and 
input to the Viterbi decoding circuits 630! to 630 4 and 
the synchronization circuit 64. 

The synchronization circuit 64 detects whether or 
not the signals output by the demultiplexing circuit 610 
are input to the corresponding Viterbi decoding circuits 
630! to 630 4 , that is, synchronization is established. 

The demultiplexing circuit 610 sequentially shifts 
the phases of the demultiplexed data during the period 
where the synchronization circuit 64 detects the out-of- 
synchronization state and supplies the resultant signals 
to the Viterbi circuits 630! to 630 4 . After the synchroni- 
zation circuit 64 no longer detects the out-of-synchroni- 1 
zation states, its stops the shift of the phase of the t> 
demultiplexed data. 

After the phase shift by the demultiplexing circuit V 
610 is ended, the signals output from the demultiplexing v 
circuit 610 are correctly decoded by the respective 
Viterbi decoding circuits 630! to 630 4 , deinterieave cir- 
cuits 632! to 632 4 , and Reed-Solomon decoding cir- 
cuits 634! to 634 4 and signals corresponding to the ~ 
input signals before transmission are reproduced. 

According to the signal transmission systems 1 and 
2 and the signal receiving apparatus 62 according to the 
present invention explained above in the first to third 
embodiments, when for example a television signal is 
transmitted by the digital format, a good television pic- 
ture and sound can be provided when the signal level is 
large on the reception side and, at the same time, a tel- 
evision picture and sound having a certain degree of 
quality can be provided even in a case where the signal 
level is small. 

Further, according to the signal transmission sys- 
tems 1 and 2 and the signal receiving apparatus 62 
according to the present invention explained above in 
the first to third embodiments, it does not become com- 
pletely impossible to perform demodulation of signals 
where the C/N ratio of the received signal becomes less 
than a predetermined value, the signals can be 
decoded with am S/N ratio in accordance with a C/N 
ratio corresponding to the significance of the data trans- 
mitted, and in addition the throughput of the signal 
transmission is improved. 
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• Below, an explanation will be made of a fourth 
embodiment of the present invention referring to Fio 20 
to Fig. 25. s 

Rgure 20 is a view of the configuration of a signal 
transm.tt.ng apparatus 40 according to the fourth 
embodiment of the present invention. 

The signal transmitting apparatuses, signal receiv- 
ing apparatuses, and methods of the same according to to 
the fourth to seventh embodiments of the present inven- 
tion explained below are constituted so as to perform 
the modulation and demodulation of the signals by uti- ' 
lizmg inverse discrete Fourier transformation and dis- 
crete Fourier transformation unlike the signal is 
transmitting apparatuses 10 and 12 and the signal 
receiving apparatuses 30. 32. and 62 shown in the first 
to the third embodiments. 

The principle of operation in the fourth embodiment 
will be explained by taking as an example a case where 20 
the signal transmitting apparatus 10 and the signal 
receiving apparatus 30 used in the signal transmission 
system 1 shown in Fig. 3 in the first embodiment are 
replaced by the signal transmitting apparatus 40 and 
the signal receiving apparatus 50, respectively ss 

Asshown in Fig. 20. the signal transmitting appara- 
tus 40 is constituted by n number of coding circuits 400- 

tOU " ar ** ,e 9 ers - 1 •* 1 * the s*™ below in «ie 
fourth embodiment) provided corresponding to the 

ISKhS; P *S£? ]S ,Ni 10 IN "" a circuit so 

MSfisr" 0 *™ and a trans,orma,ion 

The respective coding circuits 400, are constituted 
by input terminals #i. Reed-Solomon encoding circuits 

•° 2i : inter,ea * e ^cuits(IL) 104,, convolu- 35 
tional codmg circuits (CNV circuit) 112,. and serial/par- 
allel transformation circuits (S/P transformation circuit) 

Further, the Reed-Solomon , encoding circuits 102- 

arSJl 6 ' 16 ^ 6 drCUitS 1 ° 4i 01 the si « nal Emitting' 40 
apparatus 40 correspond to the components given the 
same symbols in the signal transmitting apparatus 10 
shown in F,g. 4. have the same functions, and perform 
the same operations. 

,r:J n J* Si9na ' transrnission ^tem 1 using the signal 45 
transmitting apparatus 40 and the signal receiving 
apparatus 50. the signal transmitting apparatus 40 

«r11 V c S f S m d3ta t0 be P re,imi ™ily transmitted 
(series of input information) as a plurality of input sig- 
nals (series of information) divided in accordance wkh so 
the significance of content of that data. 

anJ? *ll°*T?; Se componente . ,h e signal transmitting 
appara^s 40 becomes a transmission apparatus using 
a type of an orthogonal frequency division multiplexing 

«^e signal transmitting apparatus. 40 establishes m 
number of earner signals for the respective n number of 
■nput signate ,n the transmission band as shown in Fig 
23. gives QPSK modulation data to the respective car^ 



ner signals. modulatesiRese carrier signals by the IDFT 
processing together, and transmits the same. In other 
words, the signal transmitting apparatus 40 performs 
convolutional coding on the input signals with respec- 
tively different encoding rates, multiplexes the same at 
the .time slots for transmission, and further performs 
inverse discrete Fourier transformation (IDFT) using 
each of the multiplexed coded signals as the signal 
component of the frequency domain. 

By the IDFT processing, the signals of the fre- 
quency domain are transformed to signals of the time 
domain to generate time domain signals. The time 
domain signals are transmitted via a communication 
fransmissioh line 20 such as a satellite communication 
line to the signal receiving apparatus 50. 

Here, the convolutional code means an error cor- 
rection code in which the information is encoded while 
being sequentially convoluted in the code unlike a block 
code such as a Hamming code or RS code. As the 
method of decoding the convolutional code, the Vrterbi 
decoding method is most frequently used. 

Rgure 21 is a view of the configuration of the signal 
receiving apparatus 50 according to the fourth embodi- 
ment of the present invention. 

As shown in Fig. 21. the signal receiving apparatus 
50 is constituted by the demodulation circuit (DEM) 300 
DFT circuit 302. demultiplexing circuit (DEMUX) 310.' 
and n number of decoding circuits 500j. 

«- J*? decodin9 circuite SO"! are respectively consti- 
tuted by parallel/serial transformation circuits (P7S 
transformation circuits) 312 it deinterleave circuits (DIL) 
322j. Viterbi decoding circuits (VIT circuits) 330 Reed- 
Solomon decoding circuits (RSD circuits) 324:, and the 
output terminals #i. 

Note that, the Reed-Sotomon decoding circuits 324. 
and the deinterleave circuits 322, of the signal receiving 
apparatus 50 correspond to the components of the sig- 
nal receiving apparatus 30 shown in Fig. 5 given the 
same symbols, have the same functions, and perform 
the same operations. 

Due to these components, the signal receiving 
apparatus 50 performs discrete Fourier transformation 
(DfT) i on the'modulated signals of the time domain of the 
OFDM modulation system transmitted from the signal 
transmitting apparatus 40 via the communication trans- 
mission line 20. .transforms the same to signals of the 
frequency domain, reproduces the multiplexed trans- 
mission signal, demultiplexes it into the respective 
coded signals, and performs Viterbi decoding to repro- 
duce the respective input signals of the signal transmit- 
ting apparatus 40. 

Below, an explanation will be made of of the opera- 
tion of the signal transmission system 1 using the signal 
transmitting apparatus 40 and the signal receivina 
apparatus 50. 9 

As mentioned above, the data to be transmitted is 
preliminarily divided into n number of portions (input sig- 
nals IN;) in accordance with their significance before 
beng input to the signal transmitting apparatus 40 The 
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input signals INj are input to the respeSWRnput termi- 
nals #i in the manner that for example the input signal 
IN 1 having the highest significance among the input sig- 
nals IN-, is input to the input terminal #1 . the input signal 
IN 2 having the second highest significance is input to 5 
the input terminal #2, and the input signal having the 
lowest significance is input to the input terminal #n. 

The input signals INj respectively input to the input 
terminals #i are subjected to Reed-Solomon encoding 
at the RSE circuits 102j and output as the Reed-Solo- 10 
mon encoded signals RSEj to the interleave circuits 
104j. 

The Reed-Solomon encoded signals RSEj input to 
the interleave circuits 104j are interleaved and output as 
the interleaved signals ISj to the CNV circuits 15 

Figure 22 is a view of one example of the configura- 
tion of the CNV circuits 1 12 ( shown in Fig. 20. 

Figure 22 shows a case where the constraint length 
is 3 and the encoding rate is 1/2 and the CNV circuits 
1 1 2j are constituted by register circuits 1 70 and 1 74 and 20 
addition circuits (exdusive-OR circuit) 172, 176, and 
178. 

The interleaved signals ISj input from the interleave 
circuits 1 04j are input to the register circuit 1 70 and the 
addition circuits 1 72 and 1 76. 25 

The register circuits 170 and 174 shift the inter- 
leaved signals ISj every cycle at which an interleaved 
signal ISj is input and output the interleaved signals ISj 
to the addition circuit 172 and the addition circuits 176 
. and 178, respectively. 30 

The addition circuit 172 adds the input interleaved 
signals ISj and the interleaved signals IS, of one cycle 
before held by the register circuit 170 (calculates the 
exclusive-OR) and outputs the result to the addition cir- 
cuit 178. 35 

The addition circuit 176 adds the input interleaved 
signals ISj and the interleaved signals ISj of two cycles 
before held by the register circuit 174 and outputs the 
Y1 component of the convolutional coded signals CNSj. 

The addition circuit 178 adds the result of addition 40 
of the addition circuit 1 72 and the interleaved signals IS-, 
of two cycles before held by the register circuit 1 74 and 
outputs the Y2 component of the convolutional coded 
signals CNSj. Here, aKhough not illustrated, the CNV 
circuits 1 12j include circuits for transforming these plu- 45 
rality of outputs to serial signals. The serial signals are 
output to the serial/parallel transformation circuits (S/P 
transformation circuits) 108j. The real number compo- 
nent I and the imaginary number component Q of the 
convolutional coded signals CNSj are output from the so 
serial/parallel transformation circuits (S/P transforma- 
tion circuits) 1 08;. 

Figure 22 shows a case of an encoding rate of 1/2. 
Since since the encoding rate is changed in accordance 
with the significance of the interleaved signals ISj, by 55 
changing the configuration for every CNV circuit 112j, 
the convolutional coding is carried out while changing 
the encoding rate. Further, where the same circuit 
shown in Fig. 22 is used for all of the CNV circuits 1 1 2 i( 



as will be mentioned later inVPfifth embodiment, it is 
also possible fo use a punctured circuit according to 
need and realize convolutional coding of an encoding 
rate in accordance with the significance of the inter- 
leaved signals by the puncturing. 

Due to these components, the interleaved signals 
ISj input to the CNV circuits 1 12j are subjected to convo- 
lutional coding with encoding rates corresponding to the 
input signals INj. That is, the interleaved signal IS 1 cor- 
responding to the input signal IN 1 having the highest 
significance is encoded by convolutional coding of the 
smallest ratio of the amount of data before the convolu- . 
tional coding with respect to the amount of data after the 
convolutional coding (small encoding rate) compared 
with those of the interleaved signals IS2 to IS,, and out- 
put as the convolutional coded signal CNS 1 to the S/P 
transformation circuit 1 08f . 

Further, the interleaved signals IS2 to IS rv1 are 
coded by convolutional coding, where the higher the 
significance of the corresponding input signals IN 2 to 
IN,^. the smaller the encoding rate, by the CNV circuits 
112j and output as the convolutional coded signals 
CNS2 to CNS^ to the S/P transformation circuits 108j. 

Similarly, since the significance of the correspond- 
ing input signal IN n is the lowest, the interleaved signal 
IS n is encoded by convolutional coding having a larger 
encoding rate than the interleaved signals IS n to IS rv1 
by the CNV circuit 1 12 n and output as the convolutional ?: 
coded signal CNS n to the S/P transformation circuit's* 
108 n . 

As mentioned above, the convolutional coded sig-^ 
nai CNSj has a higher capability of correcting the data 
error and has a high reliability as the encoding rate is ~ 
smaller Accordingly, in the respective CNV circuits 1 1 2j, < 
by performing the encoding with encoding rates corre- 
sponding to the significance of the input signals INj, 
convolutional coded signals CNSj having an ability to 
correct data error in accordance with the significance of 
the respective input signals can be generated. 

The convolutional coded signals CNSj input to the 
S/P transformation circuits 108j are transformed to sig- 
nals of a 2 bit-parallel format and output as the parallel 
signals PRSj consisting of two mutually orthogonal sig- 
nal components I and Q to the multiplexing circuit 120. 
Note that, the orthogonal signal components I and Q of 
the parallel signals PRSj indicate the signal points in the 
frequency domain in the modulation circuit 140. 

The parallel signals PRS ( input to the multiplexing 
circuit 120 are multiplexed assigned to corresponding 
time slots (time slots TSj) in n number of time slots for 
transmission and output as the multiplexed signals con- 
sisting of the mutually orthogonal orthogonal signal 
components I and Q to the IDFT circuit 130. 

The parallel signals PRSj sequentially input to the 
IDFT circuit 130 are subjected to IDFT (inverse discrete 
Fourier transformation) and output to the modulation cir- 
cuit 140. That is, fhe IDFT circuit |30 performs IDFT 
processing on the orthogonal signal components I and 
Q of each of the parallel signals PRSj to PRS n sequen- 
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tally input as the multiplexed sigT«PJas the signal com- 
ponent of the frequency domain to transform the same 
to the signals of the time domain and outputs the result 
as the time domain signals to the modulation circuit 1 40. 

Note that, the reason why the parallel signals PRS- 
are multiplexed by the multiplexing circuit 120 is that 
there, is a limit to the number of the input/output termi- 
nals of the ID FT circuit 130. that is. there is a problem of 
the pins of the IDFT circuit 130. That is. where the IDFT 
circuit 130 performs IDFT processing on 1024 input sig- 
nals a number of input/output terminals commensurate 
w,th th>s becomes necessary, but in general it is difficult 
to provide such a large number, of inpuVoutput termi- 
nals. Therefore, the IDFT circuit 130 is constituted so 
that the signals multiplexed by the multiplexing circuit 
120 are buffered in an input/output memory provided 
■ns.de the IDFT circuit 130 and then used for the IDFT 
processing. 

The modulation circuit 140 performs orthogonal 
modulation on the time domain signals and transmits 
the result via the communication transmission line 20 to 
the signal receiving apparatus 50. 

«n JlV^J! 18 ,DFT Pressing °f the IDFT circuit 
130Jhe data obtained by multiplexing the data corre- 
sponding to each encoding rate (parallel signals PRS) 
are collectively modulated and the parallel signals PRS 
hat is, the signals of the real number component and 
the signals of the imaginary number component of the 
time domain are shifted to the carrier band by the mod- 
ulation circuit 140. ' ^ 

Below, an explanation will be made of the time 
domain signals referring to Fig. 23 and Fig 24 

Figure 23 is a view of the situation where the time 
domain s.gnals generated in the IDFT circuit 130 are 
| h " umo ' thetim «directiontothe modulation 

2^2 1 £ 9Uf f 24 iS a vfa " ** «P ,aW "9 the sftua- 
hon of orthogonal modulation on the real number com- 

£,7? ^ S ima 9 inarv num °er component of the 
time domain signals generated in the IDFT circuit 130 

When assuming that m number of carrier signals 
..(carriers) are mdividually assigned to the respective n 
number of classified input signals, the number of the 
N-nxm 9 "^ °' ,heOFDM "«***» becomes 

lis * 2' J 18 S ' 9na,S input to ^ '"P* termi- 
nals #, are assigned to the 0 x n + Q-th carrier signal (0 
s j s m-1; j is an integer) as shown in Fig. 23 the influ- 

EL* T*' fadin9 8,C - Can be ^ 
merleave effect of the frequency. In the IDFT circuit 

1 3a the signals which are successively input are recog- 
nized as the modulated information of the respective 
earner signals in the frequency domain, collectively 
modulated to QPSK signals for every n number of <Z 
Simtr ^ " , o» the s^ 

«m Z SI9na,S ° f eaCh canUK si 9 nal gen- 

erated and output to the modulation circuit 1 40 in the 
time direction in the order for every symbol 

Further, as shown in Fig. 24A. for the respective n 
number of carrier signals of the frequencies f„. f 21 
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'nm. the signal point of the QPSK 



modulation of the frequency domain with respect to a 
carrier signal of for example the frequency f„ is modu- 
lated to have an amplitude of V2 and a phase of 45- 
and the signal point of the QPSK modulation of the fre^ 
quency domain corresponding to the . carrier signal of 
the frequency f^ is modulated to have an amplitude of 
V2 and a phase of 225°. 

N number of frequency domain signals including 
these amplitude information and phase information are 
transformed to signals of the time domain by the IDFT 
Circuit 130. where the real number component (orthog- 
onal signal component I) and the imaginary number 
component (orthogonal signal component Q) are 
obtained as shown in Fig. 24B. 

™ e modulation circuit 140 performs the orthogonal 

modulation on the time domain signals shown in Fig 
24B to generate the transmission signal as shown in 
Fig. 24C and transmits the same to the signal receiving 
apparatus. " 

Below, an explanation will be made of the operation 
of the signal receiving apparatus 50. 
. The signal receiving apparatus 50 which receives 
the time domain signals from the signal transmitting 
apparatus 40 via the communication transmission line 
Z0 sequentially performs processing substantially 
reverse to that of the signal transmitting apparatus 40 
on the time domain signals to decode the input signals 

The time domain signals transmitted from the signal 
transmitting apparatus 40 via the communication trans- 
mission hne 20 to the signal receiving apparatus 50 are 
demodulated at the demodulation circuit 300 and output 
as the demodulated signals consisting of the orthogonal 
signal components I and Q to the DFT circuit 302 The 
demodulated signals correspond to the time domain 
signals output from the IDFT circuit 130 to the modula- 
tion circuit 140 in the signal transmitting apparatus 40 

dem «iulated signals input to the DFT circuit 
302 are transformed fromthe signals of the timedomain 
to the signals of the frequency domain by the Fourier 
transformation by the DFT circuit 302 and output as the 
frequency domain signals to the demultiplexing circuit 
J^ 8 ^ 3 ' 1 ^ freo . uen cy domain signals corre- 
spond to the multiplexed signals output from the muW- 
plexjng circuit 120 to the IDFT circuit 130 in the signal 
transmitting apparatus 40. . 

The frequency domain signals input to the demuHi- 
ptexing circuit 310 are demultiplexed for every time slot 
and output as the demultiplexed signals DS, including 
the mutually orthogonal orthogonal signal components I 
and Q to the P/S transformation circuits 312 of the 
decoding circuits 500,. The demultiplexed signals DS- 
correspond to the multiplexed signals output from the 
S/P transformation circuits 108, to the multiplexing cir- 
cuit.120. 

• The demultiplexed signals DS, input to the P/S 
transformation circuits 312, are subjected to paral- 
le^seria. frarBformation and output as the serial signals 
SRSj to the Viterb. decoding circuits 330,. The serial sig- 
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nals SRSj correspond to the convolutt^^boded sig 

na!s CNSj which are output from the CNV circuits 1 12j 
to the S/P transformation circuits 108 s in the signal 
transmitting apparatus 40. 

The serial signals SRS-, input to the Viterbi decod- s 
ing circuits 330j are Viterbi -decoded and output as the 
Viterbi decoded signals VDSj to the deinterleave circuits 
322 h The Viterbi decoded signals VDSj correspond to 
the interleaved signals ISj output from the interleave dr- 
cuits104jtotheCNVdrcuits112i. io 

The Viterbi decoded signals VDSj input to the dein- 
terleave circuits 322j are subjected to processing 
reverse to that of the interleave circuits 104| and output 
as the deinterteaved signals ISj to the RSD circuits 324j. 
The deinterleaved signals ISj correspond to the Reed- is 
Solomon encoded signals RSEj output from the RSE 
circuits 102j to the interleave circuits i04j. 

The deinterleaved signals Sl s input to the RSD cir- 
cuits 324j are subjected to Reed-Solomon decoding to 
be decoded to the input signals Ity before transmission 20 
and are output from the output terminals #i. 

As mentioned above, in the signal transmission 
system 1, among the data to be transmitted, the signal 
transmitting apparatus 40 encodes the input signals INj 
divided as portions having a high significance by a cpn- 2s 
volutional code having a small encoding rate, whereby 
the transmission thereof can be secured even in a case 
where the state of reception becomes poor (C/N ratio of 
the received signal is low) on the signal receiving appa- 
ratus 50 side. 30 

Further, the signal transmitting apparatus 40 
encodes the input signals INj divided as the portions 
having a low significance among the data to be trans- 
mitted by a convolutional code having a large encoding 
rate, whereby it can transmit the input signals IN) with a 35 
good efficiency where the state of reception of the sig- 
nal receiving apparatus 50 side is good (the C/N ratio of 
the received signal is high). 



Fifth embodiment 
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Below, a fifth embodiment of the present invention 
will be explained referring to Fig. 25 and Fig. 26. 

Figure 25 is a view of the configuration of a signal 
transmitting apparatus 42 according to the fifth embodi- 45 
ment of the present invention. 

Figure 26 is a view of the configuration of the signal 
receiving apparatus 52 according to the fifth embodi- 
ment of the present invention.. 

The signal transmitting apparatus 42 and the signal so 
receiving apparatus 52 respectively shown in Fig. 25 
and Fig. 26 are specific embodiments of the signal 
transmitting apparatus 40 and the signal receiving 
apparatus 50 shown in the fourth embodiment. For 
example, they are used replacing with the signal trans- 55 
mitting apparatus 12 and the signal receiving apparatus 
32, respectively, in the signal transmission system 2 
(Fig. 9). 
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As shown in Fig. 25, thd^^l transmitting appara- 
tus 42 is constituted by two" encoding circuits 400j, a 
multiplexing circuit 120. an IDFT circuit 130, and a mod- 
ulation circuit 140. 

The encoding circuits 400-, are respectively consti- 
tuted by RSE circuits 102 h interleave circuits 104,, CNV 
circuits 112 h and S/P transformation circuits 108j. The 
encoding circuit 400 2 further has a punctured circuit 
(PUNC) 420 (i = 1, 2; the same below in the fifth embod- 
iment). 

Note that, the configuration of the CNV circuits 1 12 1 
and 1 12 2 is the configuration shown in for example Fig. 
22. The circuits perform the same operation. Note that, 
as mentioned above, the encoding rate of the CNV cir- 
cuit 1 12 2 is changed by the processing in the punctured 
circuit 420. 

The signal transmitting apparatus 42 comprises the 
signal transmitting apparatus 40 shpwn in the fourth 
embodiment used for the transmission of a television 
signal of a digital format and where n » 2. The input sig- 
nals INj input to the input terminals i of the signal trans- 
mitting apparatus 42 are divided into two classes 
corresponding to their significance. The input signal IN-j 
is a signal having a high significance necessary for 
transmitting the basic picture and sound in the television 
signal, and the input signal IN 2 is additional data used 
for achieving a high quality for the picture and sound 
and is a signal having a lower significance than the input 
signal IN t . 

Note that, the encoding circuits 400 jt multiplexing 
circuit 120, IDFT circuit 130, modulation circuit 140, 
RSE circuits 102 i( interleave circuits 104 h CNV circuits 
1 12 jf and the S/P transformation circuits 108} of the sig- 
nal transmitting apparatus 42 correspond to the encod- 
ing circuits 400 fl multiplexing circuit 120, IDFT circuit 
130, modulation circuit 140, RSE circuits 102j, inter- 
leave circuits 104| ( CNV circuits 112j, and S/P transfor- 
mation circuits 108j of the signal transmitting apparatus 
40 shown in Fig. 20, respectively. The components of 
the signal transmitting apparatus 42 have functions cor- 
responding to the components of the corresponding sig- 
nal transmitting apparatus 40 and perform the 
corresponding operations. 

As shown in Fig. 26, the signal receiving apparatus 
52 is constituted by the demodulation circuit 300, the 
DFT circuit 302, the demultiplexing circuit 310, and two 
decoding circuits 500j. 

The decoding circuit 500! is constituted by the P/S 
transformation circuit 312 1( Viterbi decoding circuit 
330 v deinterleave circuit 322 v and RSD circuit 324 v 
The decoding circuit 500 2 further has a punctured cir- 
cuit 520 in addition to these components. 

The signal receiving apparatus 52 comprises the 
signal receiving apparatus 50 shewn in the fourth 
embodiment used for reception of a television signal of 
a digital format and where n = 2. It decodes the input 
signals INj from the time domain signals received from 
the communication transmission line 20. 
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Note that, the demodulation circuit 300, DFT circuit 
302, demultiplexing circuit 310, decoding circuits 500-,, 
P/S transformation circuits 312j, Viterbi decoding cir- 
cuits 330j. deinterleave circuits 322j. and RSD circuits 
324j of the signal receiving apparatus 52 correspond to 5 
the demodulation circuit 300, DFT circuit 302. demulti- 
plexing circuit 31 0, decoding circuits 500 jt P/S transfor- 
mation circuits 312 i( Vrterbi decoding circuits 330- p 
deinterleave circuits 322 j( and the RSD circuits 324, of 
the signal receiving apparatus 50 shown in Fig. 21. 10 
respectively. The components of the signal receiving 
apparatus 52 have functions corresponding to the com- 
ponents of the corresponding signal receiving appara- 
tus 50. 

Below, the operation of the signal transmission sys- is 
tern 1 (Fig. 3) in the case of using the signal transmitting 
apparatus 42 and the signal receiving apparatus 52 will 
be simply explained. 

The RSE circuits 102 ( and the interleave circuits 
104j process the input signals IN t and.lN 2 respectively 20 
input from the input terminals #1 and #2 of the signal 
transmitting apparatus 40 and output the results as the 
interleaved signals IS 1 and ISg to the CNV circuits 1 12, 
and 112 2 , respectively.^ 

The CNV circuit 112! performs convolutional cod- 25 
ing on the interleaved signal IS 1 with an encoding rate 
of 1/2 and outputs the result as the convolutional coded 
signal CUS, to the S/P transformation circuit 1 08^ . 

The CNV circuit 112 2 performs convolutional cod- 
ing on the interleaved signal IS2 with an encoding rate 30 
of 1/2, further increases the encoding rate via the punc- 
tured circuit 420, and outputs the result as the convolu- 
tional coded signal CNS 2 to the S/P transformation 
circuit IO82. 

The punctured circuit 420 removes the predeter- 35 
mined bit of the convolutional coded signal CNSg input 
from the CNV circuit 1 12 2 , performs the puncturing, and 
makes the encoding rate 3/4. Note that, the removed bit 
is subjected to bit position detection on the signal 
receiving apparatus 52 side and an adequate value is 40 
applied. 

The S/P transformation circuits 108 s transform the 
convolutional coded signal CNS t input from the CNV 
circuit 112, and the convolutional coded signal CNS2 
input from the punctured circuit 420 to the parallel sig- <s 
nals PRS1 and PRS 2 and output the same to the multi- 
plexing circuit 120. 

The multiplexing circuit 1 20 multiplexes the parallel 
signals PRS t and PRS 2 and outputs the result as the 
multiplexed signals to the IDFT circuit 130. 50 

The IDFT circuit 130 performs the IDFT processing 
on the parallel signals PR^ and PRS 2 and outputs the 
result to the modulation circuit 140. 

The modulation circuit 140 modulates the signals 
contained at the time slots TS, and TS 2 of the multi- 55 
plexed signals by the QPSK modulation system and 
transm.ts the result to the signal receiving apparatus 52. 

The signals transmitted to the signal receiving 
apparatus 52 are input to the demodulation circuit 300. 
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The demodulation circuit 300 demodulates the 
input signals by the QPSK demodulation system, 
respectively, and outputs the results to the DFT circuit 
302. 



The DFT circuit 302 performs DFT processing on 
the signals of the base band input from the demodula- 
tion circuit 300 and outputs the result as the frequency 
domain signals to the demultiplexing circuit 310. 

The demultiplexing circuit 310 demultiplexes the 
frequency domain signals for every time slot and out- 
puts the results as the demultiplexed signals DSj to th 
Vrterbi decoding circuit 330! via the P/S transformation 
circuit 312! or via the P/S transformation circuit 312 2 
and the punctured circuit 520. 

The Viterbi decoding circuit 330! performs the 
Vrterbi decoding on the demultiplexed signal DS! by the 
Vrterbi decoder for the convolutional code of the encod- 
ing rate of 1/2 and outputs the result as the Vrterbi 
decoded signal VDS t to the deinterleaving circuit 322!. 

The Viterbi decoding circuit 330 2 performs the 
Vrterbi decoding on the signal with the bit inserted at the 
punctured circuit 520 by the Vrterbi decoder for the con- 
volutional code of the encoding rate of 1/2 and outputs 
the result as the Viterbi decoded signal VDS2 to the 
deinterleave circuit 322 2 . 

The punctured circuit 520 performs the processing 
reverse to that at the punctured circuit 420, that is. 
detects the position of the bit removed at the punctured 
circuit 420 of the signal transmitting apparatus 42. sup- 
plements an appropriate value for this, and outputs the 
result to the deinterleave circuit 322 2 . 

The deinterleave circuit 322, performs deinterleav- 
ing on the Viterbi decoded signals VDS, and outputs the 
result to the RSD circuits 324 f . The RSD circuits 324j 
perform Reed-Solomon decoding on the input signals . 
and reproduce the original input signals INj. 

Below, an explanation will be made by using Fig. 27 
of the relationship between the C/N ratio and the S/N 
ratio in the signal transmission system 2 (Fig. 9) using 
the signal transmitting apparatus 42 and the signal 
receiving apparatus 52 shown in the fifth embodiment 
and constituted so that the signal decoded by the signal 
receiving apparatus 52 is displayed on the image 
processing and displaying device 60. 

As shown in Fig. 27. in the region where the C/N 
ratio of the received signal in the signal receiving appa- 
ratus 52 is larger than a predetermined value (reception 
level III), reproduction is possible up to the input signal 
IN 2 in the signal receiving apparatus 52, so the image 
processing and displaying device 60 can display a high 
quality picture with the additional information and can 
output the sound. 

Further, in the region where the C/N ratio of the 
received signal in the signal receiving apparatus 52 is 
lowered and becomes smaller than a predetermined 
value (reception level II), the additional information can- 
not be reproduced, but the input signal IN t can be 
reproduced, so the image processing and displaying 
device 60 can display a basic picture without the addi- 
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tional information and can output the sound The region 
of this reception level II continues up to the region where 
the C/N ratio of the received signal becomes further 
lower than the predetermined value by 2.5 dB. 

In the region where the C/N ratio of the received s 
signal is further lowered (reception level I), however, the 
display of the video signal etc. by the image processing 
and displaying device 60 becomes impossible. 

Here, the S/N ratio of the ordinate in Fig. 27 is the 
value obtained where only the reproduced input signal w 
IN, is used in the region of the reception level II and is a 
value obtained where both of the reproduced input sig- 
nals IN, and IN 2 are used in the region of the reception 
level I. 

In the signal transmitting apparatus 42 shown in the is 
fifth embodiment, there were two input signals and there 
were two coding circuits 400j and decoding circuits 500| 
corresponding to them, but the number of the input sig- 
nals is not restricted to two. 

Further, when increasing the number of the input 20 
signals, it is necessary to increase the number of the 
encoding circuits 400j and decoding circuits 500j in 
accordance with the number of the input signals. In this 
way where the signal transmitting apparatus 42 and the 
signal receiving apparatus 52 are constituted so as to 25 
handle finely divided input signals, the region of the 
reception level shown in Fig. 27 can be made smaller, 
so the characteristic can be brought closer to the desir- 
able characteristic shown in Fig. 2. 

According to the signal transmission system 1 30 
according to the present invention using the signal 
transmitting apparatus 40 and the signal receiving 
apparatus 50 shown in the fourth embodiment or the 
signal transmitting apparatus 42 and the signal receiv- 
ing apparatus 52 shown in the fifth embodiment 35 
explained above, the amount of information correspond- 
ing to the reception level (C/N ratio of the received sig- 
nal) can be received on the reception side. Accordingly, 
transmission of data corresponding to "graceful degra- 
dation" can be carried out. 40 

Further, in the signal transmitting apparatuses 40 
and 42 of the signal transmission systems 1 and 2 
according to the present invention," a plurality of input 
signals are respectively subjected to Reed-Solomon 
encoding and subjected to involutional coding and 45 
then multiplexed and subjected to OFDM modulation. 
Further, in the signal receiving apparatuses 50 and 52, 
the respective input signals (information series) are 
decoded from the received signal, so the operating 
speed of the code modulation circuit and decoding cir- so 
cuit can be slower than that of the case where the 
encoding is carried out after multiplexing the series of 
information as in the conventional system. Accordingly, 
the encoding arid decoding can be carried out on a time 
domain signal of a higher speed compared with the con- 55 
ventional system. 
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Sixth embodiment 



• Below, a sixth embodiment according to the present 
invention will be explained referring to Fig. 28 to Fig. 31. 

In the sixth embodiment, an explanation will be 
made of the operating principle of the signal transmis- 
sion system wherein the signal transmitting appara : 
tuses 10 and 40 and the signal receiving apparatuses 
30 and 50 in the signal transmission system 1 shown in 
the first and fourth embodiments are replaced by the 
signal transmitting apparatus 44 and signal receiving 
apparatus 54 shown in Fig. 28 and Fig. 29, respectively. 

Figure 28 is a view of the configuration of the signal 
transmitting apparatus 44 according to the sixth embod- 
iment of the present invention. 

As shown in Fig. 28, the signal transmitting appara- 
tus 44 is constituted by n number of coding circuits 440i, 
a multiplexing circuit 120, a IDFT circuit 130, and a 
modulation circuit 1 40. 

The encoding circuits 440j are respectively consti- 
tuted by the RSE circuits 102j, interleave circuits 104 i( 
Trellis coding circuits (TCM circuits) 1 10], and mapping 
circuits 106j. 

The signal transmitting apparatus 44 comprises a 
signal transmitting apparatus of a type of OFDM modu- 
lation system by these components similar to the signal 
transmitting apparatus 40. 

Figure 29 is a view of the configuration of the signal" 
receiving apparatus 54 according to the sixth embodi--; 
ment of the present invention. 

As shown in Fig. 29, the signal receiving apparatus 
54 is constituted by the demodulation circuit 300, DFT 
circuit 302, demultiplexing circuit 310, and n number of 
decoding circuits 54Qj. 

The decoding circuits 540 ( are respectively consti- 
tuted by P/S transformation circuits 312 if Viterbi decod- 
ing circuits 330j, deinterleave circuits 322 i( and RSD 
circuits 324j. 

The signal receiving apparatus 54 can demodulate 
the signals sent from the signal transmitting apparatus 
44 by the OFDM system by the above components sim- 
ilar to the signal receiving apparatus 50. 

The configurations of the Trellis coding circuits 
(TCM circuit) 1 10j are the same as those of Fig. 12 and 
Fig. 13. They perform the same operation. Further, the 
configuration of the mapping circuits 106j are the same 
as that of the case of the first and second embodiments. 

Below, an explanation will be made of the operation 
of the signal transmitting apparatus 44 and the signal 
receiving apparatus 54. 

Similar to the signal transmitting apparatus 40, the 
data to be transmitted is preliminarily divided into n 
number of portions (input signals IN, to INJ in accord- 
ance with their significance before being input to the sig- 
nal transmitting apparatus 44 and then are respectively 
input to the input terminals #i. 

The input signals IN S respectively input to the input 
terminals #i are subjected to Reed-Solomon encoding 
at the RSE circuits 102 it interleaved at the interleave cir- 



20 



39 



;odrflgat 



EP 0 732 832 A1 



cuHs 1 04,, subjected to Trellis cofll^at the TCM circuits 
110, with encoding rates corresponding to the input sig- 
nals IN,, and output to the mapping circuits 1 06j. 

Note that, similar to the CNV circuits 1 12, of the si> 
nai transmitting apparatus 40. the TCM circuits 1 10, of 
the signal transmitting apparatus 44 perform the encod- 
ing with encoding rates smaller the higher the signifi- 
cance of the input signals IN, and with encoding rates 
higher the lower the significance of the input signals N- 
On the basis of the encoded information, the ampli- 
tode and phase information corresponding to the modu- 
lated signal points are assigned at the mapping circuits 
ioe* The results are output as the mapping signals 
MPS, each consisting of two mutually orthogonal signal 
components I and Q to the multiplexing circuit 120 

The multiplexing circuit 120 multiplexes the map- 
ping signals MPS, and outputs the result as the multi- 
plexed signals to the IDFT circuit 130. 

The orthogonal signal components I and Q of the 
multiplexed mapping signals MPS, are input to the IDFT 
circuit 130 as the modulated signals of the earner 

In the IDFT circuit 130. the successively input fre- 
quency domain signals are defined as the modulated 
signals of the carrier wave, subjected to multi-value 
encoding, and modulated collectively for every n 
number of carriers, for example. 8 PSK modulation is 
earned out for 3-bit information and 1 6-QAM modulation 
is earned put for 4-bit information. The resultant signals 
are output as the sum of the time domain signals of the 
earners. The signals of the time domain are subjected to 
orthogonal modulation in the modulation circuit 140 

Figure 30 is a view of the assignment of the carri- 
ers. As shown in Fig. . 30. when assuming that the 

the Carrier Si9nals to be assi °ned to the 
respective n number of input signals hierarchied at the 

thp ,^| an !^ SSi0 . ,) ap P aratus 44 « m (m is an integer). 
Uie total number of the carriers of the OFPM modulation 
becomes N = m x n . However, it is not necessary that 
he number of the m number of carriers be the same for 

£ IS?** " nUmb6r ° f dasses of in P« ^na's by 
the IDFT processing of the IDFT circuit 130 

As shown in Fig. 30. among the n x m = N number 
:arner sinnaic n f ih» < , . . 
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of carrier signals of the frequencies f„. f 21 f n1> f 12 

j£T : ,n2 7 " fnm res P ective| y corresponding to thVpar- 
tlT a ' S I contained in «he multiplexed signals outfit 
from the mulbplexing circuit 120. the frequency domain 
signals corresponding to the carrier signals of for exam- 
£!•..? f ; equencies f n to 'im are modulated by 8 PSK 
and the frequency domain signals corresponding to the 

EWfSS ,requendes * to ™ 

Figure 31 is a view of the situation where the time 
ouT,!" "S " 96nera,ed th9 ' DFT *"* 130 

S2S ii sum of the fime direction to *■ modu,a,ion 

trJ^T aSSUmin 9 tnat m number of carrier signals 
(earners) are assigned to a respective n number of hier 
archied mput signals, the total number of the carrier sig- 
nals of the OFDM modulation becomes N = nxm 
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When the signals inpfrto the input terminals m are 
assigned to the Q x h-* i)-th (0 s j m m - 1 ; j is an inl r) 
earner signal as shown in Fig. 23. the influence of selec- 
tive fading etc. can be reduced by the interleave effect of 
the frequency. In the IDFT circuit 130. the successively 
input frequency domain PSK and QAM-modulated infor- 

ma ^ on m ™ i* 2 ™ ^e transformed to the signals 

of the time domain in units of symbols by transformation 
by IDFT and further output as the sum of the time direc- 
tion. They are respectively subjected to multi-value 
encoding for every n number of carrier signals (for every 
symbol) and collectively modulated. The signal of the 
sum of the signals of the time domain of the respective 
carrier signals is generated and output in the time direc- 
tion to the modulation circuit 140 in order for every sym- 
bol. 

Below, an explanation will be made of the operation 
of the signal receiving apparatus 54. 

The signal receiving apparatus 54. which receives 
the time domain signals from the signal transmitting 
apparatus 44. performs substantially the reverse 
processing to that of the signal transmitting apparatus 
44 on the time domain signals similar to the signal 
receiving apparatus 50 to decode the input signals IN, 

The time domain signals transmitted to the signal 
receiving apparatus 54 are demodulated at the demod- 
ulation circuit 300. transformed to the signals of the fre-. 
quency domain at the DFT circuit 302. demultiplexed for 
every time slot at the demultiplexing circuit 31 0 and oi* 
put as the demultiplexed signals DS, containing the" 
mutually orthogonal orthogonal signal components I 
and Q to the P/S transformation circuits 312, of the 
decoding circuits 540,. 

The demultiplexed signals DS, input to the P/S 
transformation circuits 312, are transformed to signals 
of the serial format, subjected to Vrterbi decoding by the 
Viterbi decoding circuits 330,, subjected to the reverse 
processing to that of the interleave circuits 104, by the 
deinterleave circuits 322,. subjected to Reed-Solomon 
decoding by the RSD circuits 324,. decoded to the input 
signals IN, before transmission, and output from the out- 
put terminals #i. . 

As mentioned above, the signal transmitting appa- 
ratus 44 can ensure transmission even in a case where 
the state of reception becomes poor (C/N ratio of the 
received signal is low) at the signal receiving apparatus 
54 side similar to the signal transmitting apparatus 40 

a I!l n ! dd,t0n Ca " transmit * a '"P" 1 tignals IN, with a 
good efficiency. 

Seventh embodimpnj 

Below, a seventh embodiment of the present inven- 
tion will be explained referring to Fig. 32 and Fig 33 

Figure 32 is a view of the configuration of the signal 
transmitting apparatus 46 according to the seventh 
embodiment of the present invention. 

As shown in Fig. 32. the signal transmitting appara- 
tus 46 is constituted by two encoding circuits 440,. a 
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multiplexing circuit 1 20. an IDFT circuit YW^knd a mod- 
ulation circuit 140. 

The encoding arcuits 440j are respectively consti- 
tuted by RSE circuits 102j. interleave circuits 104;, TCM 
circuits 110j, and mapping circuits (MAP) 106; (i = 1. 2; 5 
the same below true in the seventh embodiment). 

The configurations of the Trellis coding circuits 
(TCM circuits) 1 1 0 S are the same as those of Fig. 1 2 and 
Fig. 13. They perform the same operation. Further, the 
configurations of the mapping circuits 1 06j are the same w 
as those of the first and second embodiments. 

The input signals INj input to the input terminal i of 
the signal transmitting apparatus 46 are divided into two 
classes corresponding to their significance similar to the 
input signals input to the signal transmitting apparatus is 
42 shown in Fig. 26 in the fifth embodiment. 

The components of the signal transmitting appara- 
tus 46 correspond to the components of the signal 
transmitting apparatus 44 shown in Fig. 28 in the sixth 
embodiment given the same symbols, have the same 20 
functions, and perform the same operations. 

Figure 33 is a view of the configuration of the signal 
receiving apparatus 56 according to the seventh 
embodiment of the present invention. 

As shown in Fig. 33, the signal receiving apparatus 25 
56 is comprised of the signal receiving apparatus 54 
shown in the sixth embodiment used for reception of a 
television signal of a digital format and where n e 2. 

The signal receiving apparatus 56 is constituted by 
the demodulation circuit 300, DFT circuit 302, demulti- 30 
plexing circuit 310, and two decoding circuits 540^ 

The decoding circuits 540 f are constituted by the 
P/S transformation circuits 312j, Viterbi decoding cir- 
cuits 330 i( deinterleave circuits 322 if and the RSD cir- 
cuits 324j. 35 

The components of the signal transmitting appara- 
tus 56 correspond to the components of the signal 
transmitting apparatus 54 shown in Fig. 29 in the sixth 
embodiment given the same symbols, have the same 
functions, and perform the same operations. 40 

Below, the operation of the signal transmitting 
apparatus 46 and the signal receiving apparatus 56 will 
be simply explained by taking as an example the signal 
transmission system 1 (Fig. 3) where the signal trans- 
mitting apparatus 46 and the signal receiving apparatus 45 
56 are replaced by the signal transmitting apparatus 10 
and the signal receiving apparatus 30. 

_ The RSE circuits 102 f and the interleave circuits 
104j process the input signals I N t and IN2 respectively 
input from input terminals #1 and #2 of the signal trans- * so 
mitting apparatus 46 and output the results as the inter- 
leaved signals IS 1 and IS2 to the TCM circuits 110 it 
respectively. 

The TCM circuit 1 10 t performs Trellis coding on the 
interleaved signal IS 1 with an encoding rate of 3/4 and 55 
outputs the result as the Trellis coded signal TCS, to the 
mapping circuit 106,. 

The TCM circuit 1 10 2 performs Trellis coding on the 
interleaved signal ISg with an encoding rate of 5/6 and 



outputs the result as the Trelli^Wed signal TCS2 to ^ 
mapping circuit 1063. 

The mapping circuits 106 1 and 1063 perform map- 
ping on the encoded signals and output the results as 
the parallel signals PRSt and PRS2 to the multiplexing 
circuit 120. 

The multiplexing circuit 1 20 multiplexes the parallel 
signals and outputs the same to the IDFT circuit 130. 

The IDFT circuit 130 collectively performs 16-QAM 
modulation and 64-QAM modulation on the signals 
input from the multiplexing circuit and outputs the 
results to the modulation circuit 140. 

The modulation circuit 140 modulates the carrier of 
the carrier frequency on the communication transmis- 
sion line 20 by the signals input from the IDFT to gener- 
ate the modulated signals and transmits the result to the 
signal receiving apparatus 56. 

The modulated signals transmitted from the signal 
transmitting apparatus 46 are input to the demodulation 
circuit 300 of the signal demodulation device 56. 

The modulated signals input to the demodulation 
circuit 300 are demodulated to the signals of the base 
band by a demodulation system corresponding to the 
modulation system in the modulation circuit 140 and 
output as the demodulated signals to the DFT circuit 
302. 

The demodulated signals of the base band input to 
the DFT circuit 302 are collectively demodulated by DFT 
transformation, demultiplexed for every time slot, and 
output as the demultiplexed signals DSj to the P/S trans- 
formation circuits 3 1 2j. 

The demultiplexed signal DS 1 is decoded by trellis 
decoding of an encoding rate of 3/4 and output as the 
convolutional decoded signal CDS, to the deinterleav- 
ing circuit 31 2j. 

The demultiplexed signal DS2 is decoded by Trellis 
decoding of the encoding rate of 5/6 and output as the 
convolutional decode signal CDS2 to the deinterleave 
circuit 3 12 2 . 

The convolutional decoded signals CDS; are dein- 
terleaved by the deinterleave circuits 312 f and decoded 
to the original input signals IN; by the RSD circuits 324j. 

When the signal transmitting apparatus 46 and the 
signal receiving apparatus 56 are used, the relation- 
ships among the C/N ratio on the reception side of the 
television signal, the S/N ratio of the reproduced televi- 
sion signal, and the possibility of the reproduction of 
data also become as shown in Frg. 16. Accordingly, 
even if the signal transmitting apparatus 46 and the sig- 
nal receiving apparatus 56 are used in the signal trans- 
mission system 2 (Fig. 9), a similar effect to that of the 
case using the signal transmitting apparatus 12 and the 
signal receiving apparatus 32 can be obtained. 

Note that, the modifications as shown in the fourth 
to sixth embodiments are also possible for the signal 
transmitting apparatus 44 and the signal receiving 
apparatus 54. 

As explained above, according to the signal trans- 
mitting apparatus, signal receiving apparatus, and 
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method of the same according toTWfffcresent invention, 
when for example transmitting a television signal by the 
digital format, so-called -graceful degradation* which 
can provide a good television picture and sound when 
the signal level is large on the reception side and, at the 
same time, provide a television picture and sound of a 
certain degree of quality even in a case where the signal 
level is small can be realized. 

Further, according to the signal transmitting appa- 
ratus, signal receiving apparatus, and method of the 
same according to the present invention, when the C/N 
ratio of the received signal on the reception side 
becomes less than a predetermined value, it does not 
become completely impossible to reproduce the data 
and data can be reproduced with a S/N ratio in accord- 
ance with the C/N ratio. 

Further, according to the signal transmitting appa- 
ratus, signal receiving apparatus, and method of the 
same according to the present invention,. data can be 
transmitted with a throughput in accordance with the 
state of reception, that is, the C/N ratio of the received 
signal. 

INDUSTRIAL APPLICABILITY 

The signal transmitting apparatus, signal receiving 
apparatus, and signal transmitting and receiving appa- 
ratus according to the present invention can be utilized 
for the improvement of picture quality in the field of the 
digital television broadcasts via for example a wireless 
communication channel. 
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324 to .324 n ... Fleed-Solomon decoding circuits 
(RSD);and 

60 ... image processing and displaying device. 
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LIST OF REFERENCES 

1, 2 ... signal transmission system; 
10, 12. 40. 42. 44. 46 ... signal transmitting appara- 
tuses; 

100 1 to 100 n , 400 1 to 400 n . 440! to 440 n ... encod- 
ing circuits; 

102 t to 102 n ... Reed-Solomon encoding circuits 40 
(RSE); 

104! to 104 n ... interleave circuits (IL); 
106! to 106 n ... mapping circuits (MAP); 
108! to 108 n ... S/P transformation circuits; 
1 10! to 1 10 n ... Trellis coding circuits (TCM)' 
112 t to 112 n ...CNV circuits; 
130... IDFT circuit; 
140 ... modulation circuit; 
20 ... communication transmission line* 
30, 32. 62. 50. 52, 54, 56 .:. signal receiving appa- 
ratuses; 

320! to 320 nf 620! to 620 n . 500! to 500 n . and 540i 
to 540 n ... decoding circuits; 
300 ... demodulation circuit (MOD); 
310 ... demultiplexing circuit (DEMOD); 
312 ... P/S transformation circuit; 
330! to 330 n ... Vlterbi decoding circuits (VIT); 
322! to 322 n ... deinterleave circuits (DIL); 
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s Claims 



1- A signal transmitting apparatus comprising 

an encoding means for performing error cor- 
rection coding on a plurality of input signals 
with encoding rates corresponding to the 
respective input signals to generate a plurality 
of encoded signals, 

a multiplexing means for multiplexing the plu- 
rality of encoded signals in a predetermined 
order, and 

a modulating means for modulating and output- 
ting the multiplexed encoded signals. 

2. A signal transmitting apparatus as set forth in claim 

1. wherein 

the encoding means encodes the respective 
plurality of input signals with encoding rates 
smaller the higher the significance of the input 
signals and encodes the same with encoding 
rates, larger the lower the significance of the 
input signals. 

3. A signal transmitting apparatus as set forth in claim - 

2. wherein 

the plurality of input signals constitute one sig- 
nal as a whole and are divided to n number of 
input signals, in accordance with their signifi- 
cance and, 

corresponding to the n number of input signals; 
the encoding means has n number of systems 
of block coding means for performing block 
coding on the input signals, interleaving means 
for interleaving the input signals subjected to 
the block coding, and convolutional coding 
means for performing convolutional coding on 
. the interleaved input signals. 

L A signal transmitting apparatus as set forth in claim 
3, wherein 

the encoding rates are changed by changing 
the configurations of the n number of systems 
of convolutional coding means. 

- A signal transmitting apparatus as set forth in claim 
3, wherein 

the apparatus further has a puncturing means 
for puncturing the signal encoded by the convo- 
lutional coding means, and the encoding rates 
are changed by the puncturing. 



23 



45 EP 0 732 832 A1 

;s^rorth in claim 11. A signal transmitting appl^u? 



6. A signal transmitting apparatus as sSflbrth in claim 1 1 . A signal transmitting appBffus as set forth in claim 
2, wherein 6. wherein 



the plurality of input signals constitute one sig- 
nal as a whole and are divided into n number of s 
input signals in accordance with their signifi- 
cance and, . 

corresponding to the respective n number of 
input signals, the encoding means has n 
number of systems of means for performing 10 
block coding on the input signals, interleaving 
means for interleaving the input signals sub- 
jected to the block, coding, and Trellis coding 
means for performing the Trellis coding on the 
interleaved input signals. 15 



7. A signal transmitting apparatus as set forth in daim 

6, wherein 

the modulating means modulates the multi- 20 
plexed plurality of encoded signals by individ- 
ual multi-value modulation methods 
corresponding to the significance of the input 
signals. 

8. A signal transmitting apparatus as set forth in claim 

7, wherein 

the modulating means performs the modulation 
by a multi-value modulation method in which 30 
the higher the significance of the encoded sig- 
nals, the smaller the amount of information per 
signal point and performs the modulation by a 
multi-value modulation method in which the 
lower the significance of the encoded signals. 35 
the larger the amount of information per signal 
point 

9. A signal transmitting apparatus as set forth in claim 

3, wherein 40 

the apparatus further has a transforming 
means for transforming the multiplexed 
encoded signals from signals of a frequency 
domain to signals of a time domain to generate 45 
time domain signals, and 
the modulating means performs OFDM modu- 
lation on the output from the converting means 
and outputs the result. 

50 

1 0. A signal transmitting apparatus as set forth in claim 
9, wherein 

a plurality of OFDM modulation carriers are 
assigned to the respective plurality of input sig- 55 
nals and the modulation is carried out by the 
same modulation system in all of the OFDM 
modulation carriers. 



the apparatus further has a transforming 
means for transforming the multiplexed 
encoded signals from signals of a frequency 
domain to signals of a time domain to generate 
time domain signals and 
the modulating means performs OFDM modu- 
lation on the output from the transforming 
means and outputs the result 

1 2. A signal transmitting apparatus as set forth in claim 
1 1 , wherein 

a plurality of OFDM modulation carriers are 
assigned to the respective plurality of input sig- 
nals, and the modulation is carried out change 
ing the modulation system for the respective 
- plurality of OFDM carriers corresponding to the 
respective input signals. 

13. A signal receiving apparatus which receives a 
transmission signal obtained by multiplexing in a 
predetermined order a plurality of encoded signals 
prepared by performing error correction coding on 
the respective plurality of input signals with encod- 
ing rates corresponding to the respective plurality of ' 
input signals and by modulating the multiplexed plu-^ 
rality of encoded signals, comprising 

. a demodulating means for demodulating, the 
modulated transmission signal to generate a 
■ demodulated signal, 
a demultiplexing means for demultiplexing the 
multiplexed plurality of encoded signals from 
. the demodulated signal, and 
a decoding means for decoding the respective 
demultiplexed plurality of encoded signals by 
error correction decoding systems correspond- 
ing to the respective plurality of encoded sig- 
nals and outputting the same as the decoded 
signals. 

14. A signal receiving apparatus as set forth in claim 
13. wherein 

the plurality of input signals constitute one sig- 
nal as a whole and are divided into n number of 
input signals in accordance with their signifi- 
cance, the respective plurality of input signals 
are encoded with encoding rates smaller the 
higher the significance of the input signals and 
encoded with encoding rates larger the lower 
the significance of the input signals, and 
the decoding means outputs only the decoded 
signals in which uncorrectable error is not gen- 
erated among the decoded n number of 
decoded signals. . 
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method of the same according to Wpresent invention 
when for example transmitting a television signal by the 
digital format, so-called "graceful degradation" which 
can provide a good television picture and sound when 
the signal level is large on the reception side and at the 
same time, provide a television picture and sound of a 
certain degree of quality even in a case where the signal 
level is small can be realized. 

Further, according to the signal transmitting appa- 
ratus, signal receiving apparatus, and method of the 
same according to the present invention, when the C/N 
ratio of the received signal on the reception side 
becomes less than a predetermined value, it does not 
become completely impossible to reproduce the data 
and data can be reproduced with a S/N ratio in accord- 
ance with the C/N ratio. 

Further, according to the signal transmitting appa- 
ratus, signal receiving apparatus, and method of the 
same according to the present invention, data can be 
transmitted with a throughput in accordance with the 
state of reception, that is. the C/N ratio of the received 
signal. 

INDUSTRIAL APPLICABILITY 

The signal transmitting apparatus, signal receiving 
apparatus, and signal transmitting and receiving appa- 
ratus according to the present invention can be utilized 
for the improvement of picture quality in the field of the 
digital television broadcasts via for example a wireless 
communication channel. 



324 to 324 n ... Reed-Solomon decoding circuits 
(RSD); and 

60 ... image processing and displaying devica 
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1 - A signal transmitting apparatus comprising 
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LIST OF REFERENCES 

1.2... signal transmission system; 35 
10. 12, 40, 42, 44, 46 ... signal transmitting appara- 
tuses; . 

100, to 100 n , 400! to 400 n . 440, to 440 n ... encod- 
ing circuits; 

Reed-Solomon encoding circuits 40 



102, to 102 n 
(RSE); 
104, to 104 n 
106, to 106 n 



... interleave circuits (IL); 
mapping circuits (MAP); 
108, to 108 n ... S/P transformation circuits; 
110, to 1 10 n ... Trellis coding circuits (TCMV 
112, to 112 n ...CNV circuits; 
130... IDFT circuit; 
1 40 ... modulation circuit; 
20 ... communication transmission fine* 
ratees 62 ' 52 ' 54 ' 56 Si9nal rec ' eivin 9:aPPa- 

320, to 320 n , 620, to 620 n . 500, to 500 n , and 540, 

to 540 n ... decoding circuits; 

300 ... demodulation circuit (MOD); 

31 0 ... demultiplexing circuit (DEMOD); 

312 ... p/s transformation circuit; 

330, to 330 n ... Viterbi decoding circuits (VI7); 

322, to 322 n ... deinterleave circuits (DIL); 
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an encoding means for performing error cor- 
rection coding on a plurality of input signals 
with encoding rates corresponding to the 
respective input signals to generate a plurality 
of encoded signals, 

a multiplexing means for multiplexing the plu- 
rality of encoded signals in a predetermined 
order, and 

a modulating means for modulating and output- 
ting the multiplexed encoded signals. 

A signal transmitting apparatus as set forth in claim 
1, wherein 

the encoding means encodes the respective 
plurality of input signals with encoding rates 
smaller the higher the significance of the input 
signals and encodes the same with encoding 
rates larger the lower the significance of the 
input signals. 

A signal transmitting apparatus as set forth in claim 
2, wherein 

the plurality of input signals constitute one sig- 
nal as a whole and are divided to n number of * 
input signals in accordance with their signifi-v 
canceand, 

corresponding to the n number of input signals, 
the encoding means has n number of systems 
of block coding means for performing block 
coding on the input signals, interleaving means 
for interleaving the input signals subjected to 
the block coding, and convolutional coding 
means for performing convolutional coding on 
the interleaved input signals. 

A signal transmitting apparatus as set forth in claim 
3. wherein 

the encoding rates are changed by changing 
the configurations of the n number of systems 
of convolutional coding means. 



A signal transmitting apparatus as set forth in claim 
3. wherein 

the apparatus further has a puncturing means 
for puncturing the signal encoded by the convo- 
lutional coding means, and the encoding rates 
are changed by the puncturing. 
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A signal transmitting apparatus a 
2, wherein 
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irth in claim 



the plurality of input signals constitute one sig- 
nal as a whole and are divided into n number of 5 
input signals in accordance with their signifi- 
cance and. 

corresponding to. the respective n number of 
input signals, the encoding means has n 
number of systems of means for performing io 
block coding on the input signals, interleaving 
means for interleaving the input signals sub- 
jected to the block coding, and Trellis coding 
means for performing the Trellis coding on the 
interleaved input signals. 75 

7. A signal transmitting apparatus as set forth in claim 
6, wherein 



the modulating means modulates the multi- 
plexed plurality of encoded signals by individ- 
ual multi-value modulation methods 
corresponding to the significance of the input 
signals. 

A signal transmitting apparatus as set forth in claim 
7 ( wherein 



9. 



A signal transmitting apparatus as set forth in claim 
3, wherein 
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the modulating means performs the modulation 
by a multi-yalue modulation method in which 30 
the higher the significance of the encoded sig- 
nals, the smaller the amount of information per 
signal point and performs the modulation by a 
multi-value modulation method in which the 
lower the significance of the encoded signals, 35^ 
the larger the amount of information per signal 
point 



40 



the apparatus further has a transforming 
means for transforming the multiplexed 
encoded signals from signals of a frequency 
domain to signals of a time domain to generate as 
time domain signals, and 
the modulating means performs OFDM modu- 
lation on the output from the converting means 
and outputs the result. 

so 

10. A signal transmitting apparatus as set forth in claim 
9, wherein 

a plurality of OFDM modulation carriers are 
assigned to the respective plurality of input sig- 55 
nals and the modulation is carried out by the 
same modulation system in all of the OFDM 
modulation carriers. 



1 1 . A signal transmitting 
6, wherein 



'us as set forth in claim 



the apparatus further has a transforming 
means for transforming the multiplexed 
encoded signals from signals of a frequency 
domain to signals of a time domain to generate 
time domain signals and 
the modulating means performs OFDM modu- 
lation on the output from the transforming 
means and outputs the result 

12. A signal transmitting apparatus as set forth inclaim 
11, wherein 

a plurality of OFDM modulation carriers are 
assigned to the respective plurality of input sig- 
nals, and the modulation is carried out change 
ing the modulation system for the respective 
plurality of OFDM earners corresponding to the 
respective input signals. 

13. A signal receiving apparatus which receives a 
transmission signal obtained by multiplexing in a 
predetermined order a plurality of encoded signals 
prepared by performing error correction coding on 
the respective plurality of input signals with encod- 
ing rates corresponding to the respective plurality of 
input'signals and by modulating the multiplexed plu- 
rality of encoded signals, comprising 

a demodulating means for demodulating the 
modulated transmission signal to generate a 
demodulated signal, . 

a demultiplexing means for demultiplexing the 
multiplexed plurality of encoded signals from 
the demodulated signal, and 
a decoding means for decoding the respective 
demultiplexed plurality of encoded signals by 
error correction decoding systems correspond- 
ing to the respective plurality of encoded sig- 
nals and outputting the same as the decoded 
signals. 

14. A signal receiving apparatus as set forth in claim 
13, wherein 

the plurality of input signals constitute one sig- 
nal as a whole and are divided into n number of 
input signals in accordance with their signifi- 
cance, the respective plurality of input signals 
are encoded with encoding rates smaller the 
higher the significance of the input signals and 
encoded with encoding rates larger the lower 
the significance of the input signals, and 
the decoding means outputs only the decoded 
signals in which uncorrectable error is not gen- 
erated among the decoded n number of 
decoded signals. 
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22. A signal transmitting and receivii 
forth in daim 2, wherein 
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rethod as set 



is carried out by trTSKme modulation system 
in all OFDM modulation carriers. 



on the transmission side, the respective multi- 
plexed plurality of encoded signals are modu- 
lated by individual multi-value modulation 
methods corresponding to the significances of 
the input signals, and, on the reception side, 
the received transmission signal is demodu- 
lated by demodulation systems corresponding 
to the modulation systems by which the 
received transmission signal was modulated on 
the transmission side. 

23. A signal transmitting and receiving method as set 
forth in claim 22, wherein 

on the transmission side, the higher the signifi- 
cance of the encoded signal, the smaller the 
amount of information per signal point of the 
mufti -value modulation method by which the 
modulation is carried out and the lower the sig- 
nificance of the encoded signal, the larger the 
amount of information per signal point of the 
multi-value modulation method by which the 
modulation is carried out 

24. A signal transmitting and receiving method as set 
forth in claim 21 , wherein 

on the transmission side, the multiplexed 
encoded signals are transformed from signals 
of a frequency domain to signals of the time 
domain, the transformed signals are subjected 
to OFDM modulation and output, and 
on the reception side, the received signals are 
subjected to OFDM demodulation, and the 
demodulated signals are transformed from sig- 
nals of the time domain to signals of the fre- 
quency domain and demultiplexed to the 
plurality of encoded signals. 

25. A signal transmitting and receiving method as set 
forth in claim 24, wherein 

on the transmission side, as the error correc- 
tion coding, block coding, interleaving, and 
convolutional coding are carried out, and, 
on the reception side, as the error correction 
decoding, Viterbi decoding, deinterleaving, and 
block decoding are carried out 

26. A signal transmitting and receiving method as set 
forth in claim 25, wherein 

on the transmission side, a plurality of OFDM 
modulation carriers are assigned to the respec- 
tive plurality of input signals and the modulation 
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271 A signal transmitting and receiving method as set 
forth in claim 24, wherein 

on the transmission side, as the error correc- 
tion coding, block coding, interleaving, and 
Trellis coding are carried out and, 
on the reception side, as the error correction 
decoding, Viterbi decoding, deinterleavingm 
and block decoding are carried out. 

2a A signal transmitting and receiving method as set 
forth in claim 27, wherein 

on the transmission side, a plurality of OFDM 
modulation carriers are assigned to the respec- 
tive plurality of input signals, and the modula- 
tion is carried out while changing the 
modulation system for each of the plurality of 
OFDM carriers corresponding to the respective 
input signals. 



50 



.55 



26 



• 



EP 0 732 832 A1 



15. A signal rec iving appanfflRs set forth in claim 
15. wherein 

the respective multiplexed plurality of encoded 
signals are modulated by individual mulfrvalue s 
. modulation methods corresponding to the sig- 
nificance of the input signals, and 
the demodulating means demodulates the 
. received transmission signal by a demodula- 
ton system corresponding to the modulation w 
system used for the modulation on the trans- 
mission side. 

16. A signal receiving apparatus as set forth in claim 
• 4. wherein 
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the respective n number of input signals are 
subjected to block coding, interleaving; and 
corrvolutional coding and then multiplexed and 
modulated, and 

the decoding means comprises a . Viterbi *° 
decoding means for performing Viterbi decod- 
ing for the plurality of encoded signals demulti- 
plexed by the demultiplexing means, a 
de.nterleav.ng means for deinterleaving the 25 
signal subjected to the Viterbi decoding, and a 
block decoding means for performing block 
decodmg on the deinterleaved signal. 



17 ' 16 S wherein CeiVin9 apparatus as set fortn «" claim 
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£e multiplexed, encoded signals are trans- 
formed from signals of a frequency domain to 
signals of a time domain, a plurality of OFDM 35 
modulation carriers assigned to the respective 
Plurality of input signals are used. and. at the 
same time, the OFDM modulation is performed 
by the same modulation system in all OFDM 
carriers and 

the demodulating means comprises an OFDM 
demodulating means for performing demodula- 
«° n 5L?» Same demodu,a «°n system in all of 
Je OFDM modulation carriers, and a trans- 
forming means for transforming the demodu- « 
fated signals from time domain signals to 
frequency domain signals. 



1,1 " whel "n Ce,Vin9 aPPara,US 35 561 forth in c,ai <" 
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£ t r !!?! Ct,Ve " number 01 in P ut donate are 
subjected to block coding, interleaving, and 
Trettis coding, and then multiplexed and modu- 
lated, and 

H I l^ eCOdin9 means ^Prises a Viterbi 
decoding means for performing Viterbi decod- 
ing on the plurality of encoded signals demulti- 
plexed by the demultiplexing means, a 



deinterleaving means for deinterleaving the 
Viterbi-decoded signal, and a block decodino 
means for performing block decoding on the 
deinterleaved signal. 

19. A signal receiving apparatus as set forth in daim 
18. wherein 

the multiplexed encoded signals are trans- 
formed from signals of a frequency domain to 
signals of a time domain, a plurality of OFDM 
modulation carriers assigned to the respective 
plurality of input signals are used, and at the 
same time, the OFDM modulation is performed 
changing the modulation system for each of the 
plurality of OFDM carriers corresponding to the 
respective input signals, and 

the demodulating means performs the demod- 
ulation changing the demodulation system for 
each of the plurality of OFDM earners corre- 
sponding to the respective input signals. 

20. A signal transmitting and receiving method which 
divides the digital signals constituting one signal as ' 
a whole into a plurality of input signals in accord- 
ance with their significance, applies error correction 
coding and modulation to them, and transmits the 
same to the reception side via a transmission line 
wherein, 

on the ttansmission side, a plurality of encoded 
signals obtained by performing error correction 
coding on a respective plurality of divided input 
signals with encoding rates corresponding to 
the respective plurality of input signals are mul- 
tiplexed in a predetermined order and the mul- 
tiplexed plurality of encoded signals are 
modulated and transmitted, and. 
on the reception side, the received modulated 
transmission signal is demodulated, a plurality 
of encoded signals are demultiplexed from the 
demodulated signal, and the demultiplexed plu- 
rality of encoded signals are respectively 
decoded by error correction decoding systems 
corresponding to the respective plurality of 

encoded signals and output as decoded sig- 
nals. ■ 

A signal transmitting and receiving method as set 
forth in claim 20, wherein 

in the error correction coding on the transmis- 
sion side, the higher the significance of the 
input signal, the smaller the encoding rate by 
wh,ch the input signal is encoded and the lower 
the signrficance of the input signal, the larger 
the encoding rate by which the encoding is car- 
ried ouL 
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22. A signal transmitting and receivi 
forth in claim 2, wherein 
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Jthod as set 



on the transmission side, the respective multi- 
plexed plurality of encoded signals are modu- 
lated by individual multi-value modulation 
methods corresponding to the significances of 
the input signals, and, on the reception side, 
the received transmission signaJ is demodu- 
lated by demodulation systems corresponding 
to the modulation systems by which the 
received transmission signal was modulated on 
the transmission side. 

23. A signal transmitting and receiving method as set 
forth in claim 22, wherein 

on the transmission side, the higher the signifi- 
cance of the encoded signal, the smaller the 
amount of information per signal point of the 
multi-value modulation method by which the 
. modulation is carried out and the lower the sig- 
nificance of the encoded, signal, the larger the 
amount of information per signal point of the 
multi-value modulation method by which the 
modulation is carried out 

24. A signal transmitting and receiving method as set 
forth in claim 2 1 , wherein 

on the transmission side, the. multiplexed 
encoded signals are transformed from signals 
of a frequency domain to signals of the time 
domain, the transformed signals are subjected 
to OFDM modulation and output, and 
on the reception side, the received signals are 
subjected to OFDM demodulation, and the 
demodulated signals are transformed from sig- 
nals of the time domain to signals of the fre- 
quency domain and demultiplexed to the 
plurality of encoded signals. 

25. A signal transmitting and receiving method as set 
forth in claim 24, wherein 

on the transmission side, as the error correc- 
tion coding, block coding, interleaving, and 
convolutional coding are carried out, and. 
on the reception side, as the error correction 
decoding, Vrterbi decoding, deinterleaving, and 
block decoding are carried out 

26. A signal transmitting and receiving method as set 
forth in claim 25, wherein 

on the transmission side, a plurality of OFDM 
modulation carriers are assigned to the respec- 
tive plurality of input signals and the modulation 
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is carried out by thWWne modulation system 
in all OFDM modulation carriers. 
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27. A signal transmitting and receiving method as set 
forth in claim 24, wherein 

on the transmission side, as the error correc- 
tion coding, block coding, interleaving, and 
Trellis coding are carried out and, 
on the reception side, as the error correction 
decoding, Vrterbi decoding, deinterleavingm 
and block decoding are carried out. 

28. A signal transmitting and receiving method as set 
forth in claim 27, wherein 

on the transmission side, a plurality of OFDM 
modulation carriers are assigned to the respec- 
tive plurality of input signals, and the modula- 
tion is carried out while changing the 
modulation system for' each of the plurality of 
OFDM carriers corresponding to the respective 
input signals. 
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FIG. 3 
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